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PREFACE  TO  THE  FIRST  EDITION. 

Pbtsiologt  is  the  basis  of  medicino,  and  the  further  advance  of  these 
scieDces  depends  mainly  upon  the  "experimental  method."  The 
medical  student,  the  future  physician,  should  undergo  a  training  in 
practical  physiology,  for  thereby  he  learns  the  moet  important  of  all 
lessons ;  he  learns  to  observe,  to  draw  conclusions  from  his  observations, 
and  to  unravel  the  causes  of  his  failures. 

The  importance  of  practical  physiology  is  undoubted,  but  as  to 
the  nature  and  scope  of  the  experimental  work,  which  is  most  suitable 
for  the  medical  student,  there  is  considerable  difference  of  opinion 
among  teachers  of  physiology.  In  this  country,  perhaps,  too  much 
stress  has  been  laid  upon  the  physiology  of  muscle  and  nerve  ;  for  the 
hope  that  a  study  of  the  properties  of  these  tissues  will  unfold  the 
enigma  of  life  is  likely  ever  to  remain  without  consummation. 

An  advance  in  the  knowledge  of  the  living  organism  as  a  whole,  one 
organ  reacting  upon  another,  has  been  gained  by  experiments  upon  the 
living  animal,  treated  as  a  unit  and  not  as  a  collection  of  separate 
organs  and  tissues.  Such  practical  physiology  needs  extension  in  the 
courses  of  instruction  given  to  students.  It  should,  as  far  as  possible, 
have  a  direct  relation  to  medicine. 

The  methods  which  are  used  in  the  investigation  of  the  respiratory 
system,  the  circulation,  the  body  heat,  the  nervous  system  and  special 
senses ;  the  chemistry  of  the  blood,  of  digestion,  and  of  urine — these  are 
the  subjects  which  are  especially  required  by  the  clinician.  These  sub- 
jects, moreover,  afford  as  excellent  a  mental  training  as  the  study  of 
muscle  and  nerve. 

In  the  present  work  the  authors  have  attempted  to  give  some  exten- 
sion to  practical  physiology  along  the  lines  just  indicated. 

The  book  has  been  divided  into  an  elementary  and  an  advanced  por- 
tion. Part  I.  treats  of  elementary  experimental  physiology  (the 
physiology  of  muscle  and  nerve,  circulation,  respiration,  animal  heat, 
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the  central  nerrous  Byatem,  and  the  special  senaes) ;  Part  II.  of 
elementary  physiologicsl  chemistry ;  Fart  III.  of  advanced  experimental 
physiology ;  and  Part  IV.  of  advanced  physiological  ohemiatay. 

The  experiments  upon  the  physiology  of  muscle  and  nerve  are  based 
upon  the  course  given  at  Ouy'a  Hospital — a  course  modelled  on  a 
reduced  scale  upon  the  excellent  practical  courses  given  at  Oxford  by 
Profeasw  Burdon  Sanderson  and  Professor  Ootch.  The  experiments  in 
this  section  have  been  limit«d  as  far  as  possible  to  those  which  can  be 
conveniently  performed  with  simple  apparatus  by  a  large  class  of 
students.  For  this  reason  the  experiments  with  the  galvanometer  and 
capillary  electrometer  have  been  restricted  to  demonstrations,  and  very 
few  details  of  such  experiments  are  given. 

There  are  some  important  experiments  upon  the  circulation  and 
respiration,  which  for  various  reasons  cannot  be  properly  performed  by 
the  student ;  these  have  been  collected  together  as  demonstrations  in 
Parts  L  and  III. 

The  subject  of  vision  is  bo  important  from  a  medical  as  well  as  a 
physiological  and  psychological  point  of  view,  that  it  has  here  received 
more  extensive  treatment  than  is  usually  the  case  in  works  on  practical 
physiology. 

Id  those  portions  of  the  book  which  treat  of  physiological  chemistry, 
an  attempt  has  been  made  to  demonstrate,  step  by  step,  the  chemical 
relationships  which  exist  between  the  various  substances,  and  to  illus- 
trate, by  suitable  experiments,  the  different  properties  of  those  bodies. 
The  drawings  of  crystals  were  executed  by  Mr.  W,  R.  M.  Turtle,  to 
whom  the  authors  are  deeply  indebted. 

Figures  have  been  borrowed  from  The  Physiological  Action  of 
Drugs,  by  M.  S.  Pembrey  and  G.  D.  F.  PhilUpe.  For  the  loan  of 
numerous  blocks  illustrating  physiological  apparatus  the  authors  are 
indebted  to  Messrs.  Baird  &  Tatlock,  of  Hatton  Garden,  KC.  The 
sources  of  other  diagrams  and  tracings,  which  have  been  borrowed,  are 
indicated  in  the  deacription  of  the  figures.  The  initials  of  the  author, 
who  took  the  record  of  the  original  tracings,  are  appended  to  the 
respective  curves. 

&7K.,  inos; 
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PEEFACE  TO  THE  SECOND  EDITION. 

Im  th«  preaent  edition  coiuiderablo  changes  have  been  made  in  those 
portione  of  the  work  which  deal  with  Phjreiologioal  Ghemistiy.  The 
new  exercises  have  involved  a  slight  increase  iu  the  total  number  of 
pages,  and  several  new  figures  have  been  added. 

July,  1905. 
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PREFACE  TO  THE  THIRD  EDITION. 

The  present  edition  is  in  many  respects  &  new  book,  for  many  parts 
have  been  rewritten  and  the  arrangement  of  the  whole  has  been 
altered.  The  book  now  consists  of  two  parts,  Part  I.,  which  deaU 
with  Experimental  Physiology,  and  Part  IL,  which  is  devoted  entirely 
to  Physiological  Chemistry. 

The  experiments  upon  muscle  and  nerve  have  been  reduced  ilk 
number  and  the  observations  which  can  be  made  upon  man  have 
been  increased. 

The  Authors  wish  to  thank  Drs.  H.  D.  Haskins  and  J.  H.  Ryffet 
for  their  able  assistance  in  the  revision  of  the  chapters  on  Physiological 
Chemistry  and  Dr.  Kennaway  for  many  criticisms  and  suggestiona 
upon  the  whole  of  the  work. 

Dr.  Hertz  has  contributed  a  special  chapter  upon  the  "  Investigation 
of  the  Motor  Functions  of  the  Alimentary  Canal  by  means  of  tlie 
X-Rays,"  and  Dr.  Ryffel  one  upon  "Lactic  Acid,  its  Estimation  and 
Significance."     For  thia  valuable  assistance  hearty  thanks  are  given. 

Sept.,  1910. 
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WEIGHTS   AND    MEASURES. 


!lbtre(M.)      - 

1  Deoimetre  (dm.) 

1  Ceotimetre  (cm.) 

1  MilluDetre{iniii.| 

1  MicromiUimetre  (micm)  - 
The  unit  of  the  Metric  Byatem  u  the  Metre,  which  repreaenta  one  ten -millionth 
part  of  k  quarter  of  the  meridian  of  the  eMth.     The  ronltiplee  and  aabdiTiriona 
are  obtained  by  the  oae  of  decimala ;   the  former  beiufi  designated  b;  Greek 
pnfiiea,  the  latter  by  Latin  preGiei. 

I  Myriainetre(Mm.)  .        .        .         =     6-2137  mUei. 


1  Elilometre  (Km 
1  Heetometre  (Hm.) 
IDekametre  (Dm.)  - 
1  Metre  (M.)      - 


=     O-02U      „ 
=  10D-36t  yarda. 
=  32-SOai  feet. 
=  39-3701  inohe*. 


Matrto  or  DKinul. 
1  Kilogramme  (Kgm.) 

1  Decigramme  (dgm.) 
1  Cenligramme  (cgm.) 
1  Milligramme  (mgm.) 


water  at  4*  C. 


ia  the  Gramme  wliich  repreaenta  the  weight  of  a  odIhc 


jItotrkluuu  Wuost. 
SgtminB(gr.)      =1  oonoe. 


!  60  grains 
20  graina 


=  1  drachm  (3). 
—  1  Boruple  O). 


Atoirdufois  Wwobt. 
16  drachma  =  1  ounee  (oi.). 
16  OE.  :^1  ponnd(lb.). 

281ba.  =1  quarter  (qr.). 

4  qaarten  =  l  hundredweight  (owt.  > 
20  owt.        =  1  ton. 

1  pound     -  453-692  grammM- 
1  ounce      =  28-36   grammer 
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WEIGHTS  AUD  MEASURES 
Capacitt. 


1  Itakalitn  (Dl.) 

t  DeciUtra  (dl.)  . 

1  Cnbio  OBntimetn  io.e.)\ 


I  MiUilttn  (mL) 

BO  mininu  (ITl)  - 

SflniddraehoH  • 

SOflaidonncN  - 
8  pint! 

1  oiibio  e«otlmetr* 
1  Bold  omiM 
1  pint  - 


=  21998  Imparikl  gallon 
^  3S-19e  Imperlftl  flaid  oi 
=  3-6198 


=  1  flaid  drMbn  [3). 
=  1  fluid  ODDon  (5). 
-lpiDt(O). 

c  I  gftUoQ  (C). 


=  164  minimi. 
=  28*42  CDbio 
^seS-34cDbic 

=     4'MlitTM. 


THERH0MBTEH8. 

PAnSINHRIT  UID  CsHnSBjIDK   ScALZ& 

To  oonTert  d^rasa  F.  into  d^i««*  C.,  dodnot  32,  multiply  by  S,  and  dlvlda 
by». 
To  oonvert  degreu  C.  into  degree*  F. ,  multipl;  bj  9,  divide  by  S,  and  add  32L 


40-0 
38-9 
SS-3 
37-8 
87-2 


AVERAGE  WEIGHTS  AND  HBIOHTa 
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PART  L 

MUSCLE  AND  NERVE.    CIRCULATION.    RESPIRATION. 

ANIMAL  HEAT.     CENTRAL  NERVOUS  SYSTEM 

AND  SPECIAL  SENSES. 

THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE. 

iBtrodnction.— Physiology,  the  study  of  the  propeities  of  living 
organiams,  can  be  properly  appreciated  and  learned  only  when  it  is 
approached  from  the  practical  and  experimental  side.  The  study  of 
the  simplest  forms  of  life,  the  unicellular  organisms,  is  as  yet  only 
in  ite  infancy,  and  at  the  present  moment  experimental  physiology 
deals  almost  entirely  with  the  functions  of  the  various  tissues  and 
organs  which  together  make  up  a  vertebmte  animal. 

The  cold-blooded  vert«brate,  the  frog,  is  the  most  suitable  animal 
for  elementary  experiments  upon  muscle  and  nerve ;  it  is  readily 
obtained,  and  its  tissues  under  suitable  conditions  retain  their  vitality 
for  many  hours  after  they  have  been  excised  and  cut  olf  from  their 
supply  of  blood. 

The  muscular,  nervous,  and  vascular  systems  of  the  frog  are  the 
most  important  in  an  ezperimcntal  course  of  physiology,  for  although 
muscle  and  nerve  are  highly  differentiated  forms  of  protoplasm  with 
correspondingly  characteristic  functions,  yet  they  show  only  in  an 
exaggerated  way  properties  which  are  common  to  all  living  matter. 
Thus  in  muscle  the  power  of  contraction  or  movement  is  highly 
developed;  in  nerve  the  property  of  excitability  or  irritability,  the 
response  to  a  stimulus. 
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ELBCTRIOAL  APPABATUS  FOB  PHYSIOLOGICAL  EXPBRIMBNTS. 

In  experimental  pIiTsiology  the  stimulus  moat  frequently  used  is  an 
electrical  one,  for  it  is  convenieDt,  easily  graduated,  and  less  injurious 
to  tissues  than  efficient  thermal,  chemical,  or  mechanical  stimuli 
would  be. 

The  Duiiell  Cell,  which  has  an  electromotive  force  (e.u.f.)  of  M 
Toltfl,  is  the  best  source  of  electricity,  for  it  yields  an  almost  constant 
strength  of  ourrent.  It  consists  (Fig.  l)of  (i)  a.  plate  of  copper  dipping 
^  7  into  a  solution  of  copper  sulphate 

which  is  kept  saturated  by  crystala 
of  the  salt,  and  (ii)  a  rod  of  amal- 
gamated zinc  placed  in  a  porous  pot 
filled  with  a  10  per  cent,  solution  of 
sulphuric  acid;  the  porous  pot  is 
surrounded  by  the  solution  of  copper 
sulphate.  The  whole  is  generally 
placed  for  convenience  in  a  glased 
earthenware  jmt  with  a  handle. 

AVhen  the  copper  and  zinc 
elements  arc  connected  by  a  wire 
the  sine  diseolves  in  the  sulphuric 
•*  acid,  forming  ZnSO,  t  Hj.  The  H 
lo  iona  thus  liberated  become  charged 
with  the  electricity  originally  stored 
in  the  due;  they  migrate  through  the  porous  cell  into  the  copper 
sulphate  and  split  it  up  into  HjSO^  +  Cu,  and  their  charge  of  electricity 
is  transferred  to  the  Cu  ions.  These  in  turn  deliver  up  their  charge 
of  electricity  to  the  copper  plate  and,  as  they  discharge,  become 
deposited  on  the  plate  as  metallic  copper. 
Thus  inside  the  cell  electricity  passes  from  the  zinc,  or  positive 
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elemoDt,  to  the  coi^r  or  negative  dement;  outside  the  oell  the 
current  pauee  from  the  copper  binding-aorew,  the  poaitiTe  pole  or 
anode  of  the  battery,  to  thb  zine  binding-acrew,  the  negative  pole  or 
kathode. 

If  platea  of  copper  and  dnc  were  simply  immened  in  10  per  cent, 
nilphoric  acid,  the  chemical  action  set  up  would  soon  cause  the  copper 
plate  to  be  covered  with  bubbles  of  hydrogen  gas.  This  would  cause  a 
resistance  to  the  flow  of  cnirent  inside  the  cell,  and  further,  hydrc^n 
being  electro-positive  to  due,  a  polarisation  current  in  the  opposite 
direction  to  the  original  batteiy  current  would  be  set  up  in  the  cell 
and  rapidly  reduce  its  E.H.F.  Daniell,  by  placing  the  copper  plate  in  a 
solution  of  copper  sulphate,  which  the  hydrogen  splits  up,  prevented 
polarisation  from  taking  place  within  tbe  battery.^  Therefore  as  long 
as  there  is  free  sulphuric  acid  present  and  the  copper  sulphate  is 
saturated,  the  current  produced  by  tbe  cell  remains  constant.  Pro- 
vided too  that  the  porous  pot,  which  is  to  prevent  the  deposition 
of  copper  on  the  zinc  rod,  remains  permeable  to  the  H  ions. 

Tbe  sine  rod  has  to  be  amalgamated  because  commercial  linc  con- 
tains  iron  and  other  metallic  impurities ;  these  in  the  presence  of  the 
sulphuric  acid  would,  with  the  dnc,  constitute  a  number  of  minute 
butteries.  By  covering  the  impurities  with  zinc  amalgam  their  dis- 
turbing action  is  removed,  and  as  the  rinc  is  dissolved  away,  the 
mercury  combines  with  freab  zinc  so  that  the  electromotive  properties 
of  tbe  zinc  rod  remain  constant. 

'  A  more  •eennte  description  of  tha  oheiniitr;  of  a  Daniall  cell  U  u  follows : 
Tho  obU  ooiuUt*  of  two  rootal*,  liao  and  copper,  dipping  iato  hi  electrolyte 
coDtaioing  Tarioni  lam  in  aolution ;  these  kra  H,  SO^,  OH,  Ud  and  8O4,  of  which 
Cn  and  H,  being  poritive  ioni,  will  work  their  wtj  tow&rd*  the  negative  element, 
the  copper  plate  and  the  OH  uid  SU,  being  negative  ions  towardi  the  zinc 
When  in  nse  chemical  oliangei  take  place  aronud  both  metallic  platei.  The  duo 
is  attacked  by  the  80,  ioni  diecbarging,  forming  ZnSO„  and  energy  is  litwrated, 
which  is  oondnoted  aoniai  the  electnilyte  by  the  iooi  in  wlation.  Aronnd  the 
copper  plate  the  copper  anlphate  la  being  aplit  up  into  SO,  and  Cq  iona,  in  which 
prooeaa  energy  ia  atored  np.  But  the  energy  liberated  at  the  line  plate  ia  greater 
than  that  atored  in  the  neighbourhood  of  the  copper  plate,  therefore  the  oell, 
when  working,  ia  always  liberaUng  a  balance  of  energy  which  appears  aa  an 
electric  cnrrent.  The  80,  iona,  oonatantly  being  liberated  In  the  cupper  anlphate 
■olnUon  and  charged  with  electricity,  migrate  throngh  the  porona  pot  towarda 
the  dno,  discharge  forming  ZnSO,  and  a  liberation  of  energy  aa  explained. 
Towarda  the  copper  plate  both  H  and  Ca  ion*  oharged  with  electricity  are 
conatantly  atreaming.  That  it  ia  tbe  Cn  iona  and  not  tbe  H  iona  which  discharge 
and  become  precipitated  on  the  plate  depend*  aimply  npon  the  fact  that  it 
reqnirea  a  leas  energy  and  a  lower  K.lLr.  to  aepaiate  Cu  than  H  Ion*.  Therefore 
»>  long  aa  there  are  mfficient  Gn  iona  present  to  conduct  the  cnrrent,  Cu  ion*  and 
Dot  H  Ions  will  diaoharg*  and  be  precipitated  on  the  copper  plate. 
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Keys  are  instruments  for  making  or  breaking  electrical  circuits  and 

r  short^;i^cuiting  currents. 

The  Mercury  Key  consists  of  a  small  cup  hollowed  out  of  a  piece  of 
vulcanite  (Fig.  2).  From  the  cup,  which  is  nearly  filled  with  clean 
mercury,  pass  in  opposite  directions  two  stout  copper  wires  with 


Fin.  8,— Tho  iT>ring  key. 

binding-screws ;  one  wire  and  binding-screw  are  iixod  to  Che  vulcanite 
base,  the  other  wire  can  be  raised  out  of  or  lowered  into  the  mereiirj' 
by  an  insulated  handle.  In  some  forms  of  mercury  key  the  wires 
connecting  the  binding-screws  to  the  mercury  cup  nin  through  the 
vulcanite ;  the  ends  of  these  wires  are  liable  to  become  oxidised  and 
dirty,  and  in  consequence  they  ir.ake 
bad  contact  with  the  mercury.  In 
order  to  avoid  this  it  is  only  necessary 
to  fix  the  insulated  wires  from  the 
battery  to  the  binding-screws  and  to 
turn  the  naked  ends  of  these  wires 
over  into  the  mercury. 

The  Spring  Key  is  made  of  a  block 
of  lacquered  "nod,  to  one  end  of  which 
is  attached  a  broad  brass  spring  with 
a  binding-screw,  and  to  the  other  end 
a  plate  of  brass  with  a  binding-screw 
(Fig  3).  When  the  spring  is  depressed 
by  the  finger  its  free  end  touches  the 
brass  plate  and  connects  together  the 
two  binding-screws.  The  brass  plaie 
carries  a  clip  which  can  clamp  the 
spring  in  contact  with  the  plate. 
The  Du  Bois  Key  consists  of  two  metal  blocks  each  carrying  two 
binding-screws    and    attached    to    a    vulcanite   base   (Fig.    4).      Tha 
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metal  blocks  can  be  connected  by  a  thick  brass  bar  attached  to  an 
inaulalec!  movable  handle.  This  key,  like  the  mercury  and  aprin^ 
key,  may  bo  used  aa  a.  simple  make  and  break  key  (Fig.  5) ;  but  its 


proper  uae  is  as  a  short-circuiting  key  (Figs.  6  and  7) ;  and  when 
a  Du  Bois  key  ia  directed  to  be  used,  it  must  be  inserted  into  the 
circuit  aa  a  short-circuiting  and  not  as  a  simple  key. 
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The  PoU'i  BsraiBSr  coiudata  of  six  mercury  cupa  hollowed  out  id 
a  block  of  vulcanite,  each  cup  being  connected  to  a  binding-Bcrew 
(Fig.  8a).  The  four  comer  cup«  are  connected  diagonally  by  atout 
copper  wirea  which  do  not  touch  each  other.  The  two  side  cupa  are 
joined  by  stout 
copper  wires  to 
a  non-conducting 
croes-piece,  which 
acts  as  a  handle 
Each  end  of  the 
handle  also  carries 
a  semicircle  of 
copper  wire  which 
is  connected  to  the 
wire  going  into 
the  side  cup,  and 
is  of  such  a  length 
that  it  will  dip 
into  the  cup  at  either  end  by  turning  the  handle  over  towards  that  end. 
If  the  handle  is  in  such  a  position  that  a  current,  entering  the  reverser 
by  one  of  the  side  cups,  emerges  by  an  end  cup  of  the  same  side,  then, 
by  turning  the  handle  over,  the  cross-wires  come  into  use,  and  the 
current  will  now  emerge  by  the  end  cup  of  the  opposite  side. 

The  instrument  may  also  be  used  to  send  a  current  into  either  of 
two  circuits.  The  cross-wires  are  removed,  the  wires  from  the  battery 
are  connected  to  the  two  side  binding-screws,  and  to  each  pair  of  end 
cups  the  wires  of  the  two  alternative  circuits  (Fig.  9).  Then  by  turning 
the  handle  over  the  current  may  be  sent  into  either  of  these  two  circuits. 
A  much  more  efficient  instrument  is  the  universal  key  (Fig.  6b), 
which  has  recently  been  introduced  by  Gotch.  It  can  be  used  as 
a  double  break-key,  a  reverser  and  a  shunt. 

The  term  Electrodes  is  applied  to  the  free  ends  of  the  two  wires 
which  conduct  the  cuiTent  to  the  tissue  to  be  stimulated.    They  consist 


of  two  insulated  wires,  the  ends  of  which  are  clean  and  free  from 
insulating  material,  carried  in  some  form  of  holder ;  this  is  generally 
made  by  running  the  wires  through  a  piece  of  vulcanite,  cork,  or  model- 
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ling  wax  {Figs.  10  and  11).    A  form  of  electrode  Bometimea  very  useful 

is  made  by  soldering  the  free  end  of  each  wire  to  the  head  of  a  needle. 

The  BheoclioTd  is  used  to  alter  the  strength  of  a  constant  current  to 

be  sent  through  a  muscle  or  nerve.     In  its  simplest  form  it  consists  of 


a  single  straight  or  zigzagged  wire  with  a  bmding  screw  at  either  sn 
and  a  movable  contact  between  them  (Fig.  12).     If  a  Daniell  cell  I 


Fio.  U.— To  Ulualrale  the  principle  ot  the  monDchord. 

connected  to  the  two  ends  of  the  monochord  A  and  B  (Fig.  13),  there 
will  be  a  fall  of  potential  in  it  from  A  to  B.     If  from  A  and  the 


movable  contact  S  two  electrodes  pass  to  a  nerve,  the  current 
from  the  battery  has  two  circuits  open  to  it  and  can  pass  either 
through  the  nerve  or  along  the  monochord  back  to  the  battery.     The 
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amount  of  current  which  will  pass  through  the  nerve  will  lie  directly 
proportional  to  the  difference  in  poteutial  between  A  and  S,  t.e,  if  the 
fall  in  potential  in  the  nionocliord  la  iiuiforin,  proportional  to  the 
distance  between  A  ami  S,  beiiiy  greater  aa  S  is  moved  away  from  A  ; 
it  is  also  inversely  proportional  to  the  resistance  of  the  circuit  through 
the  nerve.  But  the  resistance  of  this  circuit  may  be  considered  con- 
Btatit  for  all  positions  of  H,  siuce  the  resistance  in  the  nerve  itself  is 
enormously  greater  than  that  caused  by  any  change  in  the  length  of 
the  monochord  wire  in  the  circuit. 

Although  the  Daniell  csll  is  the  most  convenient  source  of  cuiTcnt, 
and  its  strength  can  be  regulated  by  s  rheochord,  and  although  the 


make  and  break  of  a  constant  cuirciit  do  act  as  a  stimulus  to  muscle 
and  neive,  it  is  often  more  convenient  to  use  induced  currents.  These 
are  obtained  by  counecting  a  Daniell  cell  to  an  induction  coil,  aud  their 
advantages  are:  (I)  That  being  of  extremely  brief  duration  as  com- 
pared with  the  make  of  a  constant  current,  they  set  up  practically  no 
polarisation  in  the  tissues  (sco  page  78).  (2)  Having  a  comparatively 
large  Km.f.  and  rapid  development,  as  compared  with  ihe  galvanic 
current,  they  constitute  a  much  more  effective  stimulus.  For,  the  law 
of  excitation  states  that  ihe  effectiveness  of  a  current  as  a  stimulus 
depends  not  oidy  upon  the  total  variation  in  its  intensity,  but  also 
upon  the  amount  of  such  variation  in  ihe  unit  of  time,  i.e.  the  greater 
the  rapidity  of  the  total  variation,  the  more  effective  is  the  current 
as  a  stimulus. 

The  Induction-coil  (Fig.  15)  consists  of  two  coils,  of  which  the 
primary  is  made  up  of  a  few  turns  of  insulated  thick  copper  wire  with 
only  B  small  resistance.  This  is  wound  round  a  core  of  iron  wire 
to  increase  the  number  of  lines  of  magnetic  induction  which  pass 
through  it.  The  ends  of  the  wire  forming  the  primary  coil  are  con- 
nected with  the  top  binding-screws  1  and  2  (Fig.  16). 

The  secondary  coil  is  made  up  of  a  large  number  of  turns  of  insulated 
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fine  copper  wire.  The  large  ntimber  of  tams  of  mn  in  the  secondary 
as  compared  with  the  primary  coil,  transforms  the  low  e-HP.  of  the 
current  in  the  primary  circuit  into  a  high  E.U.F.  in  the  secondary 
circuit;  for  each  tarn  in  the  primary  coil  induces  an  effect  in  every 
tarn  of  the  secondary  coil,  so  tliat  the  sum  of  all  these  effects  is  a  single 
one  of  greatly  increased  intensity. 

The  long  fine  wire  of  the  secondary  coil  gives  it  a  great  resistance, 
but  when  the  induced  currents  are  passed  through  the  relatively  enoi^ 
mons  resistances  of  animal  tissues  this  is  unimportant.^ 

The  ends  of  the  wire  of  the  secondary  coil  are  connected  to  the 
binding-screws  3  anil  4  (Fig.  16). 

The  E.U.F.  of  the  induced  current  varies  with  the  following  factors; 
(1)  It  varies  directly  with  the  intensity  of  the  change  of  current  in  the 
primary  circuit,  so  that  if  no  current  or  a  current  of  constant  strength 
be  running  through  tho  primary  coil  no  induction  occurs ;  but  if  the 
strength  of  the  current  in  the  {irimary  circuit  does  change,  whether  it 
be  an  increase  or  decrease,  the  greater  the  change  the  stronger  will  be 
the  induction.    (2)  It  varies  directly  as  the  rate  of  change  in  the 


Fio.  Ifl DiigTun  of  ui  Indi 


strength  of  the  inducing  current,  so  that,  if  the  constant  current  be 
increased  or  decreaseU  greatly  in  strength,  but  sufBcienily  gradually,  no 
induction  takes  place;  on  the  other  band,  for  a  given  change  in  the 
constant  current  the  more  rapid  the  change  the  greater  the  induction. 
(3)  It  varies  with  the  angle  between  the  primary  and  secondary  coils 
in  such  a  way  that  when  the  two  coils  are  accurately  at  right  angles 
there  is  no  induced  current ;  but  the  strength  of  the  induction  increases 
as  the  angle  between  the  coils  is  altered  until  the  maximum  is  reached, 
when  the  wires  are  pai-allel  to  each  other.     If  the  secondary  coil  be 

'The  reaistaDca   uf   a  piece  of  a  frog's  loiatia  nerve   I  cm.   long  ii  about 
100,000  cdmu. 
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moTftble  horizontally  on  &  central  point,  the  strength  of  the  induced 
current  can  be  graduated  by  altering  the  angle  between  the  two  coila. 
(4)  It  variea  inversely  ae  the  distance  between  the  two  coili,  being 
greateet  when  the  secondary  is  completely  over  the  primary  coil,  and 
becomes  less  and  less  as  the  coils  are  separated.  The  strength  of  the 
induced  current  is  usually  regulated  by  varying  the  linear  distance 
between  the  coila,  and  most  induction-coils  are  graduated  by  a  milli- 
metre scale  fastened  to  the  side  of  the  carrier,  so  that  the  pointer  in 
the  secondary  coil  is  at  the  sero  of  the  scale  when  the  one  coil  is  exactly 
covered  by  the  other.  This  graduation,  however,  is  purely  arbitrary, 
for  the  absolute  decrease  in  the  strength  of  the  induced  current  becomes 
less  and  less  for  every  centimetre  that  the  coils  are  separated.  An 
exact  graduation  can  be  obtained  by  a  scale  corresponding  to  equal 
galvanometric  deflections. 

The  direction  of  the  induced  current  in  the  secondary  coil  is,  at  make 
of  the  battery -circn it,  in  the  opposite  direction,  and  at  break  of  the 
battery-circuit,  in  the  same  direction  as  the  battery-circuit  in  the 
primary  coil.  Most  coils  are  so  woand  that  when  at  make  the  battery 
current  enters  the  primary  coil  by  one  top  binding-screw,  the  induced 
current  leaves  the  secondary  coil  by  the  binding-screw  of  the  opposite 
side  (Fig.  16). 

The  Use  of  Make-  and  Break-IndnctiOD  Shocks  as  Stimuli.— Two 
wires  are  connected  with  the  poles  of  a  Daniell  cell;  the  free  end 
of  one  wire  is  fastened  to  one  binding-screw  of  a  spring-key,  and  to 
the  other  screw  of  the  key  is  fixed  a  third  wire.  The  clean  free  ends 
of  the  wires  are  placed  on  the  tongue,  and  the  key  is  opened  and  closed  ; 
no  shock  is  produced,  but  only  a  sensation  of  taste ;  the  intensity  of  the 
current  is  insufficient  to  produce  a  marked  excitation. 

The  free  ends  of  the  wires  are  now  connected  with  the  screws,  or 
terminals,  1  and  2  of  the  induction-coil  and  a  Du  Bois  key  is  placed 
in  the  secondary  circuit  (Fig.  16),  The  secondary  coil  is  pushed  far 
apart  from  the  primary,  and  the  Dn  Bois  key  is  opened ;  make  and 
break  of  the  primary  circuit  produces  no  excitation,  for  the  induction- 
currents  are  too  weak.  The  secondary  coil  is  gradually  moved 
towards  the  primary,  and  the  spring-key  is  opened  and  closed  from 
time  to  time,  until  a  point  is  reached  at  which  a  shock  is  felt  at 
break,  but  not  at  make  of  the  constant  current  The  position  of  the 
secondary  coil  on  the  scale  is  noted.  As  the  secondary  coil  is  moved 
up  further,  the  break-shock  becomes  greater,  and  a  slight  shock  is  also 
felt  at  m»ke  ;  in  a  similar  way  the  two  shocks  can  be  further  increased, 
but  the  break-shock  remains  greater  than  the  make-shock. 

It  is  especially  to  be  noted  that  there  is  no  induction-shock  if  the 
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primary  circuit  reiuaioB  cloeed  by  the  spring-key.    An  indwlitm  shock 
is  produced  otdy  ai  the  make  or  Ike  break  of  Ihe  constant  curretit. 

Closure  of  the  Du  BoU  key  short-circuite  the  electrodes,  and  do  shock 
will  be  felt  on  make  or  break  of  the  conatant  current     By 
this  key  the  make-  or  break-inductioa  shock,  or  both,  can  be  shut  off 
from  the  electrodes. 

The  secondary  coil  ia  now  removed  from  the  grooves  of  the  carrier, 
and  is  placed  close  to,  but  at  right  angles  to,  the  primary  coil :  no 
shock  is  produced  when  the  priiuary  circuit  is  closed  or  broken.  The 
secondary  coil  ia  gradually  turned  on  its  vertical  axis,  and  the  spring- 
key  is  opened  and  closed  from  time  to  time.  A  shock  will  be  felt  first 
at  break,  then  at  make,  and  these  will  increase  until  the  maxima  are 
reached  when  the  secondary  coil  is  parallel  to  the  primary. 

These  simple  experiment  show  that  the  make  and  break  of  a 
galvanic  current  can  act  as  weak  stimuli ;  that  on  connecting  the 
Daniell  cell  with  the  induction-coil  induced  currents  are  produced 
in  the  secondary  coil  only  at  make  and  break  of  the  battery -cur  rent 
and  not  when  it  is  running  with  constant  strength  through  the 
primary  coil ;  that  the  induced  currents  are  very  effective  stimuli, 
can  be  easily  graduated  in  strength  and  short-circuited  by  a  key.  It 
has  further  been  shown  ttiat  the  break  induct!  on -shock  is  stronger 
than  the  make.  The  cause  of  this  difference  lies  in  the  primary  coil, 
and  needs  explanation. 

When  the  battery-current  enters  the  primary  coil,  it  induces  a 
current  in  it  as  well  as  in  the  secondary  coll.  This  "self-induced" 
or  make  extra  current,  like  that  induced  in  the  secondary  coil,  is  a 
momentary  current  in  the  opposite  direction  to  the  battery-current  j 
hence  it  delays  the  rapidity  with  which  the  battery -current  reaches 
its  maximal  intensity  in  the  primary  coil  and  weakens  the  effect  which 
change  in  turrent  in  the  primary  coil  will  induce  in  the  secondary  coil. 
On  the  other  hand,  when  the  battery  current  is  broken,  the  current 
in  the  primary  coil  suddenly  runs  down  to  nothing;  and  although  a 
break  extra  current,  running  momentarily  in  the  same  direction  as 
the  battery -current,  is  induced  in  the  primary  coil,  it  cannot  delay  the 
rapidity  of  the  fall  of  the  battery  current,  because  a  primary  circuit 
BO  longer  exists  in  which  the  extra  current  eonld  run. 

Demonstration  of  tbe  Break  Extra  Current.^ (Connect  a  cell  with 
binding-screws  1  and  2  of  the  induction-coil,  placing  a  spring-key  in 
the  circuit.  Fasten  to  the  same  binding-screws  of  the  primary  coil 
two  wires,  the  free  ends  of  which  are  placed  on  the  tongue.  On  closing 
the  spring  key  no  shock  is  felt,  but,  on  opening  it,  the  shock  of  the 
break  extra  current. 
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A  purely  physical  proof  of  the  break  extra  current  can  be  obtained 
by  connecting  one  pole  of  a  battery  to  the  primary  coil,  and  by  tonching 
with  the  other  wire  from  the  battery  the  miUed  head  of  the  other 
binding-screw  of  the  primary  coiL  Every  time  that  the  batt«ry  circuit 
is  broken,  the  break  extra  current  will  pass  across  from  the  screw  to 
the  wire  as  a  minute  spark ;  no  spark,  or  a  very  feeble  one,  is  seen 
on  touching  the  first  terminal,  for  in  this  case  there  is  no  carrent  in  the 
primary  coil. 

SqtuliBation  of  Hake  and  Break  Indnced  Onirents.— From  what 
has  been  said  it  is  clear  thnt,  if  the  break  extra  current  were  provided 
with  a  circuit  to  run  in,  the  strength  of  the  current  induced  in  the 
secondary  coil  at  break  would  be  reduced  to  that  of  the  current  induced 
at  make ;  and  so  they  would  be  equalised.  In  order  to  effect  this  the 
battery-circuit  is  not  broken,  but  is  nearly  completely  short-circuited 
out  of  the  primary  coil  by  a  Du  Bois  key  (Fig.  17).  N-iw  again 
test  the  relative  streugths  of  the  make  and  break  induced  currents. 

Fia.  IT.—AiniuninsDtof  appantiuforsiiusUalngtbaiulEaud  bmk  Induoeil  euntutiL 

They  may  be  approximately  equal,  but  the  original  difference  is  not 
infrequently  overcorrected,  and  now  the  break-shock  is  the  weaker. 
This  is  caused  by  the  make  and  break  extra  currents  running  in 
circuits  of  different  resistance.  At  make  the  extra  current  runs  not 
only  through  the  primary  coil  but  also  through  the  resistance  of  the 
Daniell  cell;  but  at  break  the  extra  current  has  to  run  only  through 
the  resistance  of  the  primary  coil,  hence  it  is  the  more  effective  cunent 
of  the  two,  and  reduces  the  effect  induced  in  the  secondary  coil  at 
break  more  than  the  make  extra  current  does  on  closing  the  primary 
circuit. 

Faradic  or  Tetanising  Shocks.— Induction-coils  are  provided  with 
an  automatic  arrangement  for  rapidly  making  and  breaking  the 
primary  circuit  by  means  of  Wagner's  hammer.  Connect  up  the 
battery  to  screws  5  and  6  of  the  coil,  interposing  a  spring-key,  and 
follow  out  the  primary  circuit  (Fig.  IS).  The  current  passes  up 
the  pillar  A  along  the  spring  H  to  the  screw  S,,  through  the  primary 
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coil  to  the  electro-magnet  E,  and  so  to  the  pilUr  B.  When  the  cirenit 
is  thus  made,  £  becomes  an  electro-magnet,  palls  dova  the  spring  H 
from  ita  contact  with  S,  and  breaks  the  circuit ;  consequently  E  ceases 
to  be  a  magnet,  the  spring  flies  np  into  contact  with  8,,  and  again 


Pin.  IB.— dusrua  to  (how  tht 


completes  the  circuit.  The  nnmber  of  times  the  circuit  will  be  tbna 
made  and  broken  per  second  depends  upon  the  length  of  the  spring  H ; 
in  most  coils  it  is  of  such  a  length  as  to  give  50  complete  vibrations 
per  second.  At  each  make  and  break  of  the  circuit  a  current  is  induced 
in  the  secondary  coil,  just  as  when  the  circuit  was  broken  by  hand ; 


X  10- — DUffTun  to 


farther,  the  break-shock  is  stronger  tlian  the  make-shock,  and  for  the 
sime  reason  as  before. 

Determine  the  distance  necessary  between   the   two  coils  for  the 
■bocks  jnst  to  be  felt  on  the  tongue. 
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Helmholts  shoved  th&t  it  Ib  poaoble  to  eqntliu  these  Fintdic  ahodn 
b;  short-circaitiiig,  instead  of  completely  bra^iD^  the  battery-cnrrent, 
knd  for  the  resson  already  ezplainAd.  For  this  purposa  (Fig.  19)  a 
stoDt  wire,  W,  connects  the  binding-screws  7  and  I,  S,  is  screwed  np 
oat  of  reach  of  the  spring,  and  S,  is  screwed  up.  Follow  the  drcuit 
of  the  carrent  which  passes  from  binding-screws  7  to  1  by  the 
side-wire,  and  so  to  the  primary  coil,  back  to  the  electro-magnet  E, 
to  binding-screw  6  and  to  the  battery.  When,  howerar,  the  corrent 
reaches  "E,  it  becomes  a  magnet,  and  pulls  down  the  spring  into 
contact  with  S,  This  short-circuits  the  battery-carrent  oat  of  the 
coil,  for  the  current  will  now  psss  from  the  pillar  A,  by  way  of  H, 
to  the  pillar  B,  and  so  back  to  the  battery.  There  is  stilt  left  the 
circuit  7  W,  1,  PC,  £,  H,  A,  7,  in  which  the  break  extra  current 
can  run  and  reduce  the  strength  of  the  current  induced  in  the 
secondary  coil  at  break. 

DeMrraine  the  distance  between  the  coils  at  which  the  shocks  are 
now  just  felt  on  the  tongue ;  it  will  be  fonnd  to  be  reduced,  showing 
that  the  break-ahock  which  was  alone  felt  before  baa  been  (educed 
down  to  or  even  below  the  strength  of  the  make^hock. 


CHAPTER  IL 

THE  GRAPHIC  METHOD.     MAXIMAL  AND  MINIMAL  STIMULL 
UNIPOLAR  EXCITATION. 

The  graphic  method  is  applied  to  muscle  in  order  to  obtain  a 
permanent  minified  record  of  the  change  in  form  of  a  muscle  during 
contraction,  and  further,  to  iuTestigate  the  time-relations  of  the  con- 
traction. For  this  purpose  it  is  necessary  to  describe  the  method  of 
preparing  the  muscle  and  then  three  special  pieces  of  apparatus: 
(I)  a  magnifying  lever,  the  muscle  lever,  or  myograph,  which  can  write 
on  (2)  a  surface  either  stationary  or  moving  at  a  uniform  rate,  the 
drum,  and  (3)  an  instrument  for  recording  time  on  the  drum,  the 
chronograph,  which  will  be  described  in  Chapter  III. 

The  Muscle-  ajid  Nerrs-Freparation. — The  quickest  way  to  kill  a 
frog  is  to  "pith"  it.  The  articulation  between  the  skull  and  the 
vertebral  colomn  can  be  felt  with  the  tip  of  the  finger ;  it  is  severed 
by  a  transverse  cut  with  a  pair  of  scissors,  and  then  a  probe  or  blanket- 
pin  is  inserted  into  the  skull  to  destroy  the  brain.  Ilie  spinal  cord  is 
destroyed  in  a  similar  way,  and  this  final  stimulation  of  the  nerve-cells 
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caiues  «  diuhuge  of  motor  impulMi  to  tho  miucl«  of  the  bodf ,  which 
give  A  soriea  of  oonvolaire  twitches  or  naitnctioni.  These  twitches 
qaickly  cease,  the  bodj  and  Unibs  ire  in  a  toneless,  relaxed  condition, 
and  all  reflexes  baTs  been  abolished. 

The  frog  is  then  placed  bell^  downwards  on  a  frog-board,  and  the 
■Idn  at  the  ankle  is  divided  by  a  circular  indaiDn ;  the  tendo-Achillis  is 
exposed  and  a  thread  passed  under  the  tendon  and  tied  just  above  the 
sesamoid  bone.    In  this  way  a  ligature  is  attached  to  the  muscle  with- 


Fio.  so.  Fia.  IL 
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out  damage  to  or  irritation  of  its  fibres.  The  tendon  is  divided  below 
the  sesamoid  bone,  and  a  pull  upwards  towards  the  knee  frees  the 
gastrocnemius  muscle  and  the  skin  from  the  remaining  structures  of 
the  leg,  which  are  cut  away  just  below  the  knee.  The  gastrocnemius 
muscle  is  protected  from  drying  and  from  contact  with  foreign  sub- 
stances by  drawing  down  the  "trouser"  of  skin.  The  sciatic  nerve 
is  now  dissected  in  the  following  way.  The  skin  over  the  posterior 
surface  of  the  thigh  is  divided  by  a  longitudinal  incision  in  the  middle 
line,  the  biceps  and  semimembranosus  muscles  are  separated,  and  the 
sciatic  nerve  is  exposed.  The  nerve  must  not  be  pinched  with  forceps, 
for  it  is  easily  damaged.  The  muscles  on  each  side  of  the  urostyle  and 
then  the  urostyle  itself  are  cut  away;  the  three  constituent  ends  of 
the  sciatic  nerve  are  now  exposed.  The  spinal  column  is  divided 
transversely  between  the  6lh  and  7th  vertebrae  and  the  9th,  8th,  and 
7th  vertebrae  are  bisected.  The  piece  of  bone,  from  which  the  nerve 
to  be  prepared  issues,  can  be  grasped  with  the  forceps  without  damage 
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to  the  nerve,  and  the  sciatic  nerve  is  freed  from  the  saironnding  tissues 
u  fat  aa  the  knee.    The  thigh  is  then  severed  from  the  body  by  a 


DLiuminu  ul  >  moiclo-  snd  Darrs-prapustlon.    (Pembray  *nd  PhlUlpL) 
Fio.  !i.— Tho  fli«  "luge  of  dimwtlon. 
FlQ.  S3.— Tba  tecond  lUge  of  dluaatlon.    Tba  scUtlo  atm  «ip«ad  ud  ttw  gutroo- 

transverse  cut  close  to  the  articulation  of  the  head  of  the  fetniir  (Figs. 

22  and  23). 
In  onler  that  the  best  results  may  be  obtained  the  muscle-  and 
nervepreparaiion  should  be  as 
fre^h  and  irritable  as  poeeible, 
and  in  order  to  obtain  this  the 
following  precautions  should 
be  observed,  (a)  All  Hpparatua 
for  the  experiment  should  be 
in  working  order  before  the 
dissection  is  commenced,  (b) 
The  muscle  must  be  prevented 
from  drying  by  keeping  the 
"trouser"  of  skin  pulled  down 
over  it,  and  since  the  nerve 
is  even  more  easily  killed  by 
drying,  it  should,  when  not 
required  for  immediate  stimu- 
lation, be  allowed  to  lie  among 
the  muscles  of  the  thigh,  the 
lymph  of  which  will  keep  it 
ritable.    The  nerve  must  not  be  placed  upon  the  frog's 
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ekin,  the  Meretions  of  which  qnickl^  injure  it  (c)  When  the  nerre  ia 
on  the  electnxlea  it  mnst  be  kept  moiit  bj  nomul  tap-water  saline 
BolatloD  (-70  per  cent,  aodium  chloride  in  tap-water)  npon  a  piece  of 
filter-paper,  bat  care  moit  be  taken  that  the  current  from  the  electrode* 
is  not  Bhort-circnited  thereby,  (d)  The  nervs  itaelf  should  not  be 
picked  up  by  forceps,  but  should  be  lifted  by  the  pieces  of  the 
vertebral  column.  Consequently  the  vhole  lengtii  of  the  nerre 
should  always  be  dissected  out;  as  a  rule  it  should  not  be  out 
across  in  the  thigh  nor  simply  exposed  in  the  thigh  and  two 
electrodes  pushed  under  it. 

The  Unacle-leror  takes  one  of  two  chief  forms : 

{a)  The  crank-lever  (Fig.  24)  consists  of  an  L-shaped  piece  of 
metal,  the  horisontal  arm  of  which  is  long  and  carries  the  writing 


rn.  U.— Ttaa  dmpla  Isi 


P,  oluBp ;  L,  lanr ;  M,  miuclt. 


point,  whilst  the  vertical  arm  ia  short  and  to  this  the  thread  round 
the  tendo-Achillis  is  finnly  tied.  The  muscle  rests,  in  the  same 
straight  line  as  the  lever,  on  the  muscle-board,  a  horizontal  piece  of 
wood  covered  with  cork.  The  whole  is  carried  on  a  vertical  stand 
(Fig.  24),  the  arm  of  which  is  movable  on  the  base,  so  that  the 
writing  point  of  the  myograph  can  be  swung  towards  and  away  Irom 
the  dram  without  altering  the  position  of  the  base  of  the  stand. 
When  die  tiiread  has  been  tied  to  the  lever,  a  pin  is  pushed  through 
the  lower  end  of  the  femur  into  the  cork ;  this  gives  the  muscle  a 
fixed  point  from  which  to  pulL  It  is  necessary  to  see  that,  when 
the  muscle  is  at  rest,  the  thread  attached  to  the  lever  is  taut,  and 
that  there  is  no  "slack"  to  be  taken  in  when  contraction  begins; 
ftirther,  the  writing  arm  should  be  horisontal. 
In  this  form  of  lever  the  movement  of  the  writing  point  is  at  right 
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anglea  to  the  movement  record»:d.  The  magnification  of  the  rooTement 
of  the  muscle  recorded  by  the  lever  is  calculated  by  dividing  the  dis- 
tance of  the  writing  point  from  the  axia  by  the  distance  from  the  axis 
of  the  point  of  attachment  of  the  thread  from  the  tendon.  The  nearer 
to  the  axis  the  muscle  is  attached  the  greater  will  be  the  magnificBtion. 
It  is  quite  sufficient  to  magnify  the  movement  of  the  muscle  5  times. 
(b)  The  simple  lever  (Fig.  26)  consists  of  two  parts  :  a  rigid  femur- 
clamp  to  hold  the  piece  of  femur,  and  a  horizontal  writing  lever  below 
it  to  which  the  thread  on  the  teudo-Achillia  is  tied.  Care  must  be 
taken  that  the  femur-clamp  and  lever  lie  in  the  same  plane,  and  that 
the  muscle  is  tied  to  a  point  on  the  lever 
vertically  below  the  clamp.  In  this  case 
the  movement  of  the  writing  point  is  in 
the  same  plane  as  that  of  the  movement 
recorded.  The  magnification,  as  before, 
is  calculated  by  dividing  the  distance  of 
the  writing  point  from  the  axis  by  the 
distance  of  the  point  of  attachment  of 
the  muscle  from  the  axis. 

The  writing  lever  must  be  as  light 
as  possible  (see  page  27,  Chap.  III.),  but  it; 
must  be  sufficiently  rigid  to  prevent  vibra- 
tions being  set  up  in  it.  For  this  purpose 
writiug  levers  are  generally  made  of  light 
metal,  glass,  Japanese  cane  or  straw. 

The   actual    writing  point  ts  made  of 

thin  metal  foil  or  moderately  stiff  paper 

bent  at  its  free  end  slightly  over  towards 

the  drum.     The    writing   point  must  lie 

as  nearly  as  possible    parallel  to  the  recording  surface,  or,  in  other 

words,    at   right    at 

bend  near  its  end  i 

the  writing  point  up  against  the  recording  surface  in  different  positions 
of  the  lever.  For  the  end  of  the  lever  describes  a  curved  line,  and  the 
more  it  leaves  the  horizontal  position  the  greater  will  be  the  distance 
of  the  end  of  the  straw  from  the  recording  surface. 

The  Kymograph  or  recording  drum  (Fig.  26)  consists  essentially  of 
a  stout  brass  cylinder  which  is  made  to  revolve  round  a  vertical  axis 
by  either  clockwork  or  string  belting  from  a  motor.  It  is  necessary 
to  have  some  arrangement  by  which  the  speed  of  revolution  can  bo 
altered  within  wide  limits ;  this  is  obtained  by  various  mechanical 
devices  in  different  patterns  of  drum,  one  of  which  is  shown  in  Fig.  26. 


of  the   drum.      Further, 
i  necessary ;  it  acts  as  a  weak  spring  and  keeps 
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The  drum  is  covered  with  white  glazed  paper,  the  surface  of  which 
is  then  blackened  by  a  thin  layer  of  aoot,  obtained  by  revolving  the 
drum  through  either  the  luminous  part  of  a  broad  gas  flame  or  the 
smoke  of  burning  turpentine  or  camphor.  The  wriiing  point  of 
the  lever,  as  the  drum  revolves,  rubs  off  the  layer  of  soot  and  leaves 
a  white  magnified  image  of  the  movement  of  the  muscle  or  heart  or 
whatever  change  is  being  recorded. 

The  whit«  paper  is  of  the  same  width  aud  longer  than  the  surface  of 
the  drum,  aod  the  under-surface  of  the  overlap  is  gummed.  The  paper 
must  l}e  laid  evenly  and  without  wrinkles  round  the  drum,  the  gum  is 
then  moistened  and  the  paper  fastened.  The  layer  of  soot  obtained 
from  the  gas  flame  should  be  dark  brows  in  colour,  and  care  must  be 
taken  to  revolve  the  drum  aufficientty  rapidly  through  the  flame  to 
prevent  scorching  or  burning  of  the  paper.  The  film  of  soot  from 
camphor  is  less  firmly  attached  to  the  paper,  and  must  not  be  made 
too  chick,  otherwise  the  writing  point  does  not,  without  undue  friction, 
rub  off  enough  of  it  to  leave  a  distinct  tracing.  In  recording  it  must  be 
so  arranged  that  the  tracing  does  not  come  at  the  overlap,  for  the  joint 
in  the  paper  is  liable  to  make  the  point  of  the  lever  jump.  Further, 
it  is  very  important  that  the  drum  should  be  made  to  revolve  away 
from  and  not  towards  the  writing  point,  in  other  words,  the  tracing  as 
it  is  taken  should  pass  from  the  writing  point,  aot  towards  but  away 
from  the  lever.  When  the  tracing  is  finished,  the  paper  is  cut  through 
nt  the  overlap  and  the  details  of  the  experiment  written  on  it.  The 
tracing  is  preserved  by  drawing  it  once  through  a  varnishing  solution' 
and  pinning  it  up  to  dry. 

This  graphic  method,  as  we  shall  see,  introduces  several  errors,  but 
such  accuracy  as  it  has  must  de|>end  upon  the  drum  remaining  a  true 
cylinder ;  it  is  therefore  very  important  that  a  drum  should  never  be 
dropped  or  in  any  way  dented. 

Minimal  and  U&xiiaal  Stimuli — If  the  strength  of  the  stimulus 
applied  to  a  muscle  be  varied  within  certain  limits,  it  is  fouud 
that  the  muscular  response  also  varies,  so  that  the  greater  the  excita- 
tion the  greater  is  the  shortening  of  the  muscle. 

In  order  to  demonstrate  this,  connect  up  a  Daniell  cell  to  an  induc- 
tion coil  BO  as  to  give  single  induction  shocks,  placing  a  merciiry  key  in 
the  primary  circuit  and  a  Da  Bois  key  in  the  secondary  circuit ;  cover 
and  smoke  a  drum.  Dissect  out  a  gastrocnemius  preparation  and 
attach  it  to  the  myograph  lever,  arrange  the  electrodes  to  stimulate  the 
muscle  directly;  one   needle -electrode  is  used  which   passes  through 

'  A  rapidly  diying  vamiih  ii  nikde  by  diuolving  260  c.o.  of  the  best  white  hai-d 
(ftrniah  io  a  litre  ot  meibylated  ipirtta  >Dd  tben  addiog  10  o.n.  of  cute 
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and  fixes  the  lower  end  of  the  femur ;  the  other  wire  from  the  Da 
Bois  key  is  joined  to  a  piece  of  capillary  copper  wire  which  has  been 
threaded  by  meana  of  a  needle  through  the  tendo-Achillia,  In  this 
way  the  current  can.be  passed  through  the  length  of  the  muscle,  and 
the  very  fine  wire  will  not  canse  any  obstruction  to  the  free  movement 
of  the  muscle  when  it  contracts.  Bring  the  writing  point  on  to  the 
surface  of  the  stationary  drum. 

With  the  secondary  coil  at  20  cm.  and  the  Du  Bois  key  open,  make 
and  break  the  primary  circuit,  no  contraction  will  take  place.  Gradu- 
ally move  up  the  secondary  coil  towards  the  primary,  opening  and 
closing  the  key  in  the  primary  circuit  at  each  new  position.  With  the 
secondary  coil  at  about  16  cm.  the  muscle  will  contract  at  break  but 
not  at  make,  showing  that  the  break  induction  shock  is  stronger  than 
the  make-shock.  The  contraction  is  recorded  on  the  drum  by  a  nearly 
vertical  line,  and  shows  a  minimal  contraction  in  response  to  a  minimal 
stimulus ;  the  make-induction  shock  is  still  a  sub-minimal  stimulus 
and  no  contraction  results.  Rotate  the  drum  on  a  short  distance  by 
hand,  move  the  secondary  coil  up  1  cm.  and  stimulate  again.  Repeat 
this  process,  moving  the  drum  on  after  each  contraction  and  increasing 
the  strength  of  the  stimulus  after  each  make  and  break  of  the  primary 
circuit  (Fig.  27).  As  the  strength  of  the  stimulus  is  increased  the 
contrnctiou  at  break  increases  in  height  rapidly  at  first  and  then  more 


slowly  until,  with  the  secondary  coil  at  about  7  cm.,  a  point  is  reached 
beyond  whicb  the  height  does  not  increase.  At  7  cm.,  therefore,  the 
break-shock  and  the  contraction  which  it  causes  are  maximal.  All  stimuli 
intermediate  in  strength  between  minimal  and  maximal  are  called 
sub-maximal.  At  a  certain  point  the  make-shock  will  be  found  to 
become  an  effective  stimulus  and  cause  a.  minimal  contraction.  As 
the  make-shock  is  increased  in  strength,  the  contraction  rapidly 
increases  in   height  until,   with  the  secondary  coil  at  about  7  cm,, 
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it  becomes  maximal  and  of  about  the  aame  beigbt  as  the  break 
contraction. 

The  higher  the  contractions  become  the  more  obvious  is  it  that  the 
writing  point  describes  on  the  stationary  drum,  not  a  straight  line,  bnt 
an  arc  of  a  circle.  The  shortening  of  the  muscle,  after  allowing  for 
the  magnification  by  the  lever,  is  measured  not  by  the  length  of  this 
arc  but  by  a  perpendicular  line  dropped  from  its  highest  point  on  to 
the  base  line. 

It  is  necessary  to  point  out  here  that,  when  the  primary  circuit  is 
made — and  the  same  is  true  if  it  be  broken — a  momentary  induced 
current  is  both  made  and  broken  through  the  nerve,  and  yet  there 
is  only  one  contraction  of  the  muscle.  It  has  been  found  that  io 
a  carrent  of  such  short  duration  the  break  stimulus  is  ineffective 
because  it  falls  within  the  refractory  period  of  the  make  stimulus  (see 
Chap.  VII.,  p.  40).  In  both  cases,  whether  the  primary  circuit  is  made 
or  broken,  the  effective  stimulus  to  the  nerve  is  only  the  make  stimulus 
of  the  induced  current. 

Unipolar  Excitation. —Connect  a  battery  to  a  coil  so  as  to  give 
tetanising  shocks ;  connect  a  wire  to  one  pole  of  the  secondary  coil  and 
place  its  free  end  on  the  tongue.  If  the  secondary  coil  be  moved 
completely  over  the  primary,  faint  shocks  will  be  felt.  The  explana- 
tion of  this  phenomenon  is  that  the  making  and  breaking  of  the 
primary  circuit  causes  free  electricity  to  collect  at  the  end  of  the  wire 
connected  with  the  secondary  coil ;  when  the  E.M.F.  of  this  chaise  is 
sufficient  to  overcome  the  resistance  of  the  tissues  of  the  body,  the 
circuit  is  completed  through  the  body,  the  floor  and  desk,  and  so  back 
to  the  other  pole  of  the  secondary  coil.  With  the  wire  still  on  the 
tongue,  touch  the  other  pole  of  the  secondary  coil  with  a  moistened 
finger;  much  more  powerful  shocks  are  felt  because  a  more  direct 
circuit  from  one  pole  to  the  other  of  the  secondary  coil  has  been 
provided. 

Repeat  the  experiment  on  a  sciatic- gastrocnemius  preparation  in  the 
following  way,  with  either  tetanising  or  single-induction  shocks.  Lay 
the  preparation  on  a  perfectly  clean  and  dry  glass-plate  and  place  a 
wire  connected  with  one  pole  of  the  secondary  coil  under  the  nerve;  no 
contraction  of  the  muscle  takes  place  because  the  dry  plate  insulates 
the  preparation  and  the  secondary  circuit  cannot  be  completed.  Now 
touch  the  muscle  with  a  wire,  the  other  end  of  which  rests  on  a  gas  or 
water  pipe;  the  muscle  contracts  because  the  circuit  is  completed 
through  the  earth.  It  is  not  even  necessary  that  the  conductor  should 
touch  the  preparation,  for,  if  a  moistened  finger  is  brought  as  near  the 
muscle  as  possible  without  touching  it,  the  muscle  contracts,  especially 
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if  a  moiBtened  finger  of  tbe  other  band  touches  the  oth«r  pole  of  the 
secondary  coil.  In  thu  case  the  human  body  acts  like  a  condenser 
charged  with  electricity,  which  by  its  approach  can  stimulate  muscle 
or  nerve.  Further,  if  the  narre  be  ligatured  between  the  electrode  and 
the  mnscle,  or  cut  across  and  the  two  cut  ends  laid  over  each  other, 
which  will  prevent  the  passage  of  a  nervous  impulse  along  it,  contrac- 
tion of  tbe  muscle  is  still  produced,  because  the  discharge  takes  place 
along  the  whole  length  of  nerve  and  muscle  between  the  electrode  and 
the  point  by  which  the  muscle  is  connected  to  the  earth,  so  that  any 
irritable  tissue  in  the  course  taken  by  the  charge  is  stimulated. 

If,  however,  the  muscle  and  nerve  preparation  is  laid  on  an  ordinary 
moistened  muscle-board,  the  insulation  is  so  slight  that  one  electrode, 
connecting  the  nerve  and  the  secondary  coil,  will  by  itself  cause  the 
muscle  to  contract 

It  is  in  order  to  guard  against  accidental  stimulation  of  muscle  and 
nerve  by  unipolar  action  that  a  Du  Bois  key  must  always  be  placed  in 
the  secondary  circuit,  and  must  always  be  kept  closed  except  when  the 
tissue  is  being  intentionally  stimulated.  The  brass  bridge  of  the  key, 
which  has  many  thousands  of  times  less  resistance  than  the  tissue 
between  the  electrodes,  affords  a  perfect  closure  of  the  secondary 
circuit  and  prevents  static  electrification  of  the  electrodes. 

Errors  from  unipolar  action  are  liable  to  take  place,  especially  in  the 
study  of  the  electromotive  phenomena  of  muscle  and  nerve  by  the 
electrometer  and  galvanometer  (see  Chap.  XVIII.). 


CHAPTER  111. 
A  eiNGLB  CONTRACTION  OF  A  GASTROCNEMIUS  MUSCLE. 
In  order  to  study  the  contraction  given  by  a  muscle  in  response  to 
a  single  stimulus,  it  is  not  sufficient  to  inspect  tbe  curved  line  traced 
by  tbe  myograph-lever  on  a  revolving  drum.  It  is  also  necessary  to 
study  the  length  of  time  occupied  by  the  whole  twitch  and  the  time- 
relations  of  different  parts  of  it  For  this  purpose  a  time-tracing  most 
be  simultaneously  recorded  by  a  special  apparatus,  which  generally 
takes  one  of  two  forma 

(1)  The  Taning  Fork;  to  one  prong  of  this  a  writing  point,  similar 
to  that  on  the  myograph-lever,  is  attached.  With  the  writing  point 
lighUy  touching  the  blackened  surface  of  the  dram,  a  sharp  tap  is 
given  to  the  fork,  and  the  drum  set  in  motion ;  care  must  be  taken  that 
the  drum  does  not  make  more  than  one  revolution,  otherwise  the  time- 
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tracing  will  run  over  itself.  Tbe  Dumber  of  complete  vibrations  per 
second  and  the  time  value  of  each  will  depend  upon  the  note  of  the 
fork.  The  most  useful  fork  is  one  that  gives  100  complete  vibrations 
per  sec.  When  more  rapid  vibrations  are  required  the  above  method 
is  not  suitable,  because  the  vibrations  of  n  fork  of  a  higher  note  cease 
so  soon  after  a  single  tap^ 

Id  order  to  obtain  a  time-tracing  in  j^ths  or  leas  of  a  second,  it  is 


(2)  A  Ohronograpli  or  time-marker,  which  records  on  a  drum  the 
number  of  times  per  second  a  current  through  it  is  made  and  broken  by 


another  special  piece  of  appsratiis.  The  chronograph  (Fig.  28)  consisU 
essentially  of  an  electro- magnet,  which,  when  the  current  through  it  is 
made,  attracts  and  pulls  down  a  mttai  lever  carrying  a  writing  point 
When  the  current  through  the  electro -magnet  is  broken,  a  spring  at 
the  other  end  of  the  lever  raises  the  writing  point. 

The  apparatus  used  to  make  and  break  a  current  through  the  chrono- 
graph at  any  definite  known  rate  is  a  tuning-fork  of  the  corresponding 
note.     To  one  prong  of  the  fork  is  attached  a  platinum  wire  which. 


with  each  complete  vibration  of  the  fork,  makes  and  breaks  the  chrono- 
graph circuit  by  touching  and  receding  from  a  brass  contact  or  mercury 
«up  (Fig.  39).  The  tuning-fork,  when  once  started  vibrating  by  a  lap, 
is  kept  vibrating  automatically  by  an  electro- magnet  in  the  same  circuit 
(Fig.  30).  Thus,  when  the  platinum  wire  touches  the  mercury  cup  the 
btttery  current  is  made  through  the  chronograph  and  the  writing  point 
■e  pulled  down ;  at  the  same  time  the  current  is  made  through  the 
other  electro-magnet,  which  attracts  the  tuning-fork  and  pulls  the 
platinum  point  away  from  the  mercury.  Both  electro-magnets  now 
cease  to  act,  the  writing  point  of  the  chronograph  is  pulled  up  by  the 
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spring  and  the  platinnm  wire  of  tfaa  tuning-Ark  again  toiuliM  th« 
mercniy,  thereby  nuking  the  circuit  again. 

To  record  the  contraction  of  a  muscle  in  reaponae  to  a  dngk  maTimal 
induction-shock,  the  ^iparatua  ia  set  ap  in  the  following  way  (Fi^  31). 


tia,  SO.— DUgnm  of  ttaa  eta 

Connect  one  pole  of  a  Daniell  cell  to  one  top  binding-screw  of  the 
primary  coil,  and  the  other  binding-«crew  of  the  coil  to  a  binding-ecrew 
on  the  base  of  the  stand  of  the  drum.  The  current  passes  through  the 
metal  work  of  the  stand  to  a  metal  striker  carried  beneath  the  dmm  on 
its  axle.  As  the  drum  revolves  this  striker  louchea  a  atrip  of  naked 
wire  attached  to,  but  insulated  from,  the  rest  of  the  stand.  The 
binding-ecrew  in  connec- 
tion with  this  naked  wire 
ia  connected  to  the  other 
pole  of  the  battery.  It  is 
only  when  the  striker  and 
naked  wire  are  in  contact 
tiiat  the  primary  circuit  ia 
completed. 

A  sciatic  and  gastroc- 
nemiua  preparation  ia 
made  and  attached  to  the 
my<^raph<4ever,  which  is 
20  grama,  and  should  then  be 
horizontal.  The  nerve  is  laid  across  the  electrodes  coming  from 
the  Da  Boia  hey,  and  the  secondary  coil  is  arranged  to  give  maximal 
inductiou-sbocks.  A  tuning-fork  giving  100  complete  vibrations  per 
aecond  is  arranged  to  write  just  beneath  the  myc^raph  lever. 
Before  the  two  writing  poinU  are  brought  into  contact  with  the 
smoked  surface,  the  dmm  should  be  made  to  revolve  in  order  to 
see  that  it  will  rotate  away  from  the  writing  points  and  at  a  anffi- 


weighted  near  its  axis  with   10  ( 
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ciently  rapid  rate ;  the  rate  of  rotatioD  should  not  be  less  th&D 
20  cm.  per  sec.  Adjust  the  writing  points  to  touch  the  amoked  paper 
lightly,  and  with  the  Du  Bois  key  open,  and  the  fork  vibrating,  let  the 
drum  make  one  revolution  and  no  more.  The  curve  of  the  muscular 
contraction  and  the  time  below  it  id  i^ths  of  sec,  will  be  recorded 
(Fig.  3-2).  Close  the  Du  Bois  key,  remove  the  tuning-fork,  but  do  not 
alter  the  position  of  the  baae  of  the  etand  carrying  the  myograph. 
With  the  writing  point  of  the  lever  accurately  on  the  abscissa  line  of 
the  muscle  curve  let  the  drum  revolve  so  as  to  complete  a  base  line 
beneath  the  actual  curve  corresponding  to  the  muscular  contraction. 
With  the  writing  point  still  on  the  baae  line,  rotate  the  drum  by  hand 
until  the  striker  juet  touchea  the  naked  wire.     At  this  position  of  the 


Fla,  8*— aingl 
■hock.    Ila,aalx 


drum  a  maximal  make  induction-shock  was  sent  into  the  nerve;  with 
the  finger  on  the  lever  make  the  writing  point  describe  a  vertical  arc, 
which  cuta  the  time-tracing  below  and  the  abscissa  line  above.  Id  the 
same  way,  by  rotating  the  drum  by  hand,  vertical  arcs  are  drawn 
through  the  muscle-curve  and  time-tracing  at  the  three  following 
points:  (1)  the  point  at  which  the  curve  leaves  the  base  line,  (2) 
the  highest  point  of  the  curve,  and  (3)  the  point  at  which  the  curve 
regains  the  base  line. 

It  will  be  noted  that,  during  the  single  revolution  of  the  drum,  the 
primary  circuit  has  not  only  been  made  but  also  been  broken  again 
by  the  striker  leaving  the  naked  wire.  The  nerve  has  consequently 
received  a  maximal  make  and  then  a  maximal  break  shock,  but  has  only 
responded  by  a  contraction  to  the  first;  for,  owing  to  the  rapid 
rotation  of  the  drum,  the  second  stimulus  has  reached  the  muscle 
too  soon  alter  the  first  for  the  muscle  to  be  able  to  respond  (eee  Re- 
fractory period  of  muscle,  p.  42).  If,  however,  the  drum  is  revolving 
but  slowly,  the  second  stimulus  may  follow  the  first  after  a  sufficient 
interval  of  time  for  the  muscle  to  partly  respond  to  it     This  leads 
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to  a  deformatioQ  of  the  curve  (Fig.  32),  in  which  the  hump  near 

the  top  of  the  np  stroke  of  the  lever  is  caused  by  the  muscle  re- 
sponding to  the  aecond  stimulus  (see  Effect  of  two  succeBsive  stimuli, 
Chap.  VIl ,  p.  40).  If  with  a  slowly  revolviDg  drum  it  is  deaired  to 
send  into  the  nerve  a  single  atimulus,  it  fs  ouly  necessary  to  place  the 
secondary  coil  at  such  a  distance  from  the  primary  that  the  break 
but  not  the  make  shock  is  effective. 

The  curve  (Fig.  32)  occupies  about  i^nj^hs  sec.  and  can  he  divided 
into  three  parts. 

(1)  The  first  part  extends  from  the  point  at  which  the  stimnlus 
reached  the  nerve  to  that  at  which  the  contracting  muscle  began  to 
raise  the  lever.  This  is  the  latent  period,  and  is  seen  to  last  about 
T-Jjth  of  a  sec.  During  this 
period  several  distinct  processes 
uke  place;  (a)  a  nervous  impulse 
lias  to  pass  down  the  strip  of 
nerve  between  the  point  stimu- 
lated and  the  muscle,  this  will 
Oi'cupy  about  yujuths  of  a  second 
(see  Velocity  of  nervous  impulse). 
Of  the  remaining  T-^ths  (i)  the 
passage  of  the  nervous  impulse 
along  the  fine  motor  nerve- 
endings  occupies  about  y^^ths 
sec,  and  (c)  the  latent  period  of  the  muscle  itself  about  77^10^''^  °^  ^ 
sec.  This  in  turn  is  due  to  several  factors,  of  which  two  must  be 
mentioned.  When  muscle  libres  begin  to  contract  a  certain  time  must 
elapse  before  the  muscle  is  able  to  exert  a  sufficient  pnll  to  move  the 
recording  lever ;  in  other  words,  there  is  instnimental  inertia  to  be 
overcome.  Again,  when  muscle,  which  is  highly  extensible,  begins 
to  contract,  every  part  of  every  fibre  does  not  simultaneously  begin  to 
shorten;  but  the  contracted  part  of  a  fibre  stretches  at  first  the 
uncontracted  part,  and  is  therefore  not  united  to  the  lever  by  a  rigid 
connection.  It  is  only  when  the  tension  in  the  stretched  part  has 
sufficiently  increasiHi,  or  the  fibre  as  a  whole  has  passed  into  a  state  of 
contraction,  that  the  lever  begins  to  be  pulled  upon. 

('J)  The  second  period  extends  from  the  point  at  which  the  lever 
begins  to  rise  to  the  point  highest  above  the  base-line.  This  is  the 
period  of  active  contraction  or  shorteniug  of  the  muscle,  and  occupies 
about  y^d'^'ib  of  ^  ^^'^■ 

(3)  The  third  portion  extends  from  the  highest  point  of  the  carve  to 
the  point  at  which  the  curve  rejoins  the  base-liue.     This  is  the  period 
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of  relaxation,  and  lasts  about  i^uthe  of  r  sec.  Relaxation  is  a  pasaive 
process  brought  about  by  the  falling  lever  and  weight  doing  the  same 
amount  of  work  on  the  mtiBcle  as  the  muscle  during  its  period  of 
shortening  baa  done  in  raJaing  ibe  lever  and  weight  to  a  certain 
height. 

The  muBcIecurve,  although  roughly  a  magnified  record  of  the  change 
in  length  of  the  muscle,  is  deformed  by  certain  errors  of  instrumental 
origin,  which  it  is  necessary  to  mention  in  order  to  avoid,  so  far  as 
they  are  preventible.  The  most  important  are  the  mass  and  length  of 
the  lever  and  Ihe  disposition  of  the  weight  along  it.  They  affect  all 
parts  of  the  curve.  The  weight  of  the  lever  tends  to  prevent  the 
muscle  from  beginning  to  raise  it  (inertia  of  position)  and  so  lengthens 
the  latent  period ;  therefore  the  lever  should  be  aa  light  as  possible. 
During  the  stage  of  shortening  the  lever,  when  once  in  motion,  tends 
to  be  cHiried  on  by  its  own  momentum  after  the  muscle  has  ceased  to 


pull  on  it  (inertia  of  motion),  and  so  makes  the  muscle  appear  to  have 
shortened  more  than  it  realty  has.  For  the  same  reason,  during  the 
]>eriod  of  shortening,  the  tension  on  the  muscle  is  not  uniform,  hut 
becomes  lees  as  the  lever  undergoes  acceleration  ;  during  the  relaxation 
exactly  the  opposite  happens,  a  heavy  lever  as  it  falls  again  undergoes 
acceleration  and  increases  the  tension  on  the  muscle  throughout  the 
relaxation  and  may  even  stretch  it  beyond  its  original  resting  length 
(Fig.  34).  In  order  to  reduce  these  errors  the  lever  again  should  be 
as  light  as  possible. 

On  the  other  hand,  to  attach  to  the  muscle  no  other  weight  than 
that  of  a  very  light  lever  would  introduce  fallacies.  For,  unless  the 
muscle  is  sufficiently  weighted  to  keep  it  taut,  there  may  be,  when  the 
muscle  begins  to  contract,  a  certain  anioimt  of  'slack'  to  be  taken  in 
which   would   cause  an   apparent  lengthening  of  the  latent  period. 
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Agaio,  when  tbe  mnscle  does  begin  to  pull  on  the  lever,  it  will  do  so 
with  ft  eudden  jerk,  which  may  cause  a  light  lever  to  fly  np  out  of 
control  of  the  contracting  muscle ;  this,  again,  makes  the  mnscle 
appear  to  hare  undergone  greater  shortening  than  it  really  has  (see, 
however.  Chapter  XIII.).  Further,  the  relaxation  of  a  muscle  being 
purely  passive,  the  period  of  relaxation  of  an  insoffidently  weighted 
muscle  is  much  prolonged,  and  the  writing  may  fail  to  reach  the  base- 
line again.  1 

In  order  to  get  over  these  instrumental  difficnltiea,  the  muscle-lever 
must  be  as  light  as  is  consistent  with  rigidity,  and  the  muscle  must  be 
suitably  loaded,  the  weight  being  attached  near  the  axis  of  the  lever 
for  the  following  reasons :  the  nearer  it  is  to  the  axis,  the  less  move- 
ment will  it  undergo,  and  therefore  the  less  will  be  its  inertia  of  move- 
ment and  the  more  uniform  the  tension  on  the  musclo  throughout  tbe 
curve.  This  disposition  of  the  weight  also  helps  to  reduce  the  after- 
vibrations  or  '  shatter '-curvee  which  are  frequently  seen  following  the 
relaxation  (Fig.  34).  Compare  with  this  Fig.  33  taken  from  the 
same  muscle;  by  hanging  a  weight  of  30  grams  near  the  axis  of 
the  lever  the  shatter  curves  have  been  nearly  eliminated,  and  are 
represented  by  the  slight  oscillation  between  the  two  vertical  lines  at 
the  end  of  the  curve. 

It  may  be  pointed  out  that  in  the  living  body  the  muscles  are 
always  weighted  when  they  contract,  and  even  when  relaxed  they  are 
under  considerable  tension ;  for  they  are  really  shorter  than  the  distance 
between  their  points  of  origin  and  insertion,  and  their  antagonists  are 
always  exerting  a  certain  pull  on  them,  and  some  muscles,  such  as 
the  deltoid,  are  considerably  stretched  by  the  weight  of  a  limb. 

Tbe  length  of  the  lever  is  of  some  importance ;  for,  besides  the  fact 
that  length  reduces  the  rigidity  of  a  light  lever,  a  further  deformation 
of  the  curve  is  introduced  by  increasing  the  magnification.  As  the 
writing  point  is  raised,  it  tends  to  leave  the  drum,  and  in  the  course  of 
a  much  magnified  curve  is  only  kept  on  the  drum  by  the  lei^hening 
out  of  the  spring  formed  by  the  writing  point.  Therefore  the  more 
the  writing  point  is  raised  above  the  horizontal,  the  mora  the  magnifi- 
cation is  constantly  increasing.  For  this  reason  the  muscular  move- 
ment should  not  be  magnified  more  than  is  sufficient  to  moke  the 
record  of  it  clear. 

Although  muscle  curves,  as  accurate  records  of  the  muscular  move- 

'  Huaclea  during  the  cold  of  winter,  even  when  properly  weighted,  fteqaeutly 
■how  this  'contnctioD-remaiiider.'  If  cold  be  the  osuae,  turnback  the  'trouser' 
of  ikia  asd  pour  over  the  muicte  lome  noroul  tap-water  aaline  heated  in  m  teit 
tabe  to  26*  C.      Cf.  footnota  on  p.  33. 
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ment,  have  fallacies  inseparable  from  the  method  of  recording  them,  it 
is  possible  to  make  two  rough  deductions  from  them ; 

(1)  The  amount  of  actual  ehortening  a  muscle  undergoes  during  con- 
traction can  be  calculated  by  measuring  the  vertical  height  of  the  top  of 
the  curve  above  the  base  line  and  dividing  it  by  the  magnification  ;  in 
Fig.  32  the  height  is  20  mm.,  and  the  magnification  5,  therefore  the 
muacle  became  shorter  by  4  mm.  The  length  of  the  resting  muscle 
when  loaded  by  lever  and  weight  was  25  ram-,  consequently  the 
muscle  during  contractioD  became  shorter  by  4  x  ^,  i.e.  nearly  a 
sixth  of  its  original  length. 

(2)  The  amount  of  work  done  by  the  muscle  during  its  contraction  is 
the  product  of  the  load  and  the  height  to  which  it  was  raised,  W  =  L  x 
H.  In  Fig.  32  the  actual  load  which  the  muscle  raised  was  not  the 
n'hole  of  the  30  grams,  hung  near  the  axis  of  the  lever,  but  a  proportion 
of  it,  calculated  by  multiplying  by  the  distance  from  the  axis  of  the  point 
of  the  suspension  of  the  weight,  and  dividing  by  the  distance  from  the 
axis  of  the  point  of  attachment  of  the  muscle ;  this  fraction  was  |,  and 
the  actual  load  lifted  6  grams.  The  height  to  which  it  was  raised  was 
4  mm. ;  consequently  the  work  performed  was  24  gramme  millimetres. 


CHAPTER  IV. 

THE  CONDITIONS  WHICH  AFFECT  SINGLE  MDSCULAR 
CONTRACTIONS, 
(a)  Different  Hascles.     {b)  Veratrins.  — The  curve  produced  by  the 

contraction  of  a  muscle  may  be  altered  not  only  by  such  influeni^es  as 
temperature,  load,  fatigue,  and  drugs,  but  also  by  the  differences  in 
structure  of  various  muscles.  The  muscular  fibres  of  the  frog  are 
found  to  present  two  varieties,  clear  and  granular,  which  differ  both  in 
structure  and  in  physiological  properties.  The  gastrocnemius  may  be 
taken  as  an  example  of  a  muscle  whose  fibres  consist  largely  of  the 
clear  variety,  and  the  hyoglossus  of  the  granular  variety,  Le.  a  muscle  in 
which  the  majority  of  muscle-fibres  contain  more  nuclei  and  are  rela- 
tively richer  in  undifferentiated  living  material,  the  sarcoplasm.  The 
chief  physiological  difference  between  granular  and  clear  muscles  are, 
that  granular  muscles  have  a  slower  and  more  prolonged  contraction, 
are  less  excitable,  more  easily  tetanised,  and  less  readily  fatigued. 

In  mammals  the  same  differences  between  red  and  white  muscles  can 
be  shown  to  exist.  Ked  muscles,  such  as  the  masseter  or  soleus  of  the 
rabbit,  differ  structurally  in  having  more  sarcoplasm  and  nuclei  in  their 
fibres,  and  are  redder  in  colour  owing  to  a  much  richer  capillary  net- 
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work  between  their  fibres  and  to  the  presence  of  myohaematin  in  the 
fibrea  tliemaelvea  ;  pliysiologically  tliey  are  far  leas  readily  fatigued  and 
ahow  a  contraction  four  or  more  times  as  long  aa  that  of  the  white 
gastrocnemius  (Fig.  35). 

For  comparison  with  the  single  twitch  of  the  gastrocnemius,  that 
given  by  the  hyoglossua  may  now  be  studied.  Thia  muscle,  arising 
from  the  anterior  edge  of  the  body  of  the  hyoid  cartilage,  runs  forwards 
into  the  substance  of  the  tongue, 

A  H]rDglosan8  Pieparation  is  made  by  cutting  oiT  the  whole  of 
the  lower  jaw,  including  the  tongue  and  hyoid  cartilage.  Place  it 
on    the  myograph  board,  mucous   surface  upwards,    turn   the  tongue 


forwards,  and  connect  its  tip  to  the  lever  by  a  thread.  Firmly  fix  the 
hyoid  cartilage  by  running  a  pin  through  it  into  the  cork.  Two  needle 
electrodes  transfix  the  base  of  the  muscle  just  io  front  of  the  hyoid. 

All  the  other  connections  are  the  same  as  when  studying  the  single 
contraction  of  the  gastrocnemiua ;  a  weight  of  5  or  10  grama  is  placed 
near  the  axis  of  the  lever. 

Compared  with  the  single  twitch  of  the  gastrocnemius,  that  given  by 
the  hyoglossua  (Fig.  36)  shows  the  following  differences:  the  whole 
contraction  lasts  more  than  twice  as  long,  the  latent  perio<i  is  slightly 
longer,  but  it  is  the  period  of  shortening  and  still  more  that  of  relaxa- 
tion which  is  more  gradual  and  prolonged. 

Action  of  Veiatiine. — A  brainless  frog  is  poiaoned  by  injecting  into 
the  dorsal  lymph  sac  5  minims  of  a  saturated  (I  in  1000)  solutioii 
of  vei-atrine  in  normal  tap-water  saline.     In  order  that  the  drug  may 
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be  rapidly  absorbed  it  is  impoitaiit  not  to  'pith'  the  frog,  but  to 
dostroy  its  cerebrum  with  a.  pair  of  Spencer- Wei  la  presaore  forceps. 
In  about  ten  minutes  it  will  be  observed  that  the  hind  legs  are  very 
elowly  and  imperfectly  flexed  after  a  jump,  and  a  few  minutes  lat«r 
the  frog  will  be  seized  by  a  epasm  when  it  jumps.     As  soon  as  these 


EympComs  appear  the  remaining  portions  of  the  central  nervous  system 
are  destroyed,  and  a  sciatic  and  gastrocnemius  preparation  made. 

In  the  meantime  the  action  of  veratrine  may  be  studied  on  tli& 
hyoglossua  preparation  used  in  the  previous  experiment.  Five 
minims  of  the  veratrine  solution  are  injected  into  the  lymph  sac 
in  which  the  muscle  lies.  The  drum  is  arranged  to  revolve  at  a  slow 
rate  of  about  2  cm.  in  10  sees.,  and  a  simple  key  instead  of  the 
"striker"of  the  drum  is  placed  in  the  primary  circuit.  After  waiting 
s  the  muscle  is  stimulated  by  a  single  maximal  induction- 
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shock,  and  its  contraction  recorded.  The  curve  shows  that  the  response 
is  a  single  slow  contraction  with  an  enormously  prolonged  relaxation. 
Beplace  the  hyoglossus  by  the  gastrocnemius  and  sciatic  preparation 
and  stimulate  it  in  the  same  way.  As  soon  as  the  first  contraction 
is  over,  the  muscle  is  stimulated  again,  and  so  on  for  half  a  dozen 
contractions.  It  will  be  seen  that  the  first  contraction  (Fig.  36)  con- 
sists of  a  smart  initial  twitch  followed  by  a  much  longer  contraction, 
and  an  even  more  prolonged  relaxation.  The  second  contraction 
shows  the  same  characters  to  a  less  extent,  and  the  subsequent  con- 
tnctiona  become  of  shorter  and  shorter  duration  until  they  reach  the 
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normal.  If  the  muscle  be  allowed  to  rest,  the  veratrine  effect  returns 
again.  The  absence,  in  the  caee  of  the  hyogloasus,  of  the  sharp 
initial  twitch  seen  in  the  gastrocnemius  contiiiction,  is  probably  due 
to  more  complete  poisoning  of  all  the  muscle- fibres.  The  gastroc- 
nemius  is  more  bulky,  some  of  its  fibres  remain  unpoisoned  and  respond 
with  a  normally  rapid  contraction,  followed  by  the  slower  and  more 
prolonged  contraction  of  the  poisoned  fibres. 


THE  CONDITIONS  WHICH  AFFECT  SINGLE  MUSCULAR 

CONTK  ACTIONS— CoNTiNDBD. 

(e)  Temperattire. — Since  the  shortening  of  muscle  during  its  contrac- 
tion is  but  the  outward  and  visible  sign  of  chemical  changes  taking 
place  in  the  muscle,  it  is  not  surprising  that  changes  in  temperature 
ehould  greatly  affect  the  single  muscle-twitch. 

In  warm-blooded  animals  whose  bodily  temperature  does  not  undcigo 
ft  greater  variation  than  about  2°  C,  the  effect  of  different  temperatures 
on  muscular  activity  is  unimportant.  But  it  is  quite  otherwise  in  cold- 
blooded animals  whose  range  of  bodily  temperature  is  that  of  their 
external  medium.  In  them,  the  muscular  activity  of  which  they  are 
capable  at  any  moment  is  determined  largely  by  the  temperature  of 
their  muscles.  Again,  the  subject  becomes  important  for  warm-blooded 
animals  when,  from  any  cause,  their  bodily  temperature  is  materially 
Altered,  as  it  may  be  by  disease.  These  abnormal  variations  in  their 
temperature  may  be  sufficiently  great  to  affect  the  muscular  activity  of 
which  the  animal  is  capable.  More  frequently,  however,  they  are 
important  because  of  the  effect  which  an  abnormally  high  bodily  tem- 
perature, especially  when  long  continued,  may  have  upon  the  actual 
chemical  constituents  of  muscle,  and  especially  upou  its  proteids. 

Ill  order  to  study  these  effects,  the  apparatus  is  arranged  to  stimulate 
a  muscle  with  single  maximal  induction  shocks,  using  the  "striker" 
of  the  drum,  in  the  primary  circuit.  Either  a  hyoglossus  or  gaatroc- 
nemius  preparation  may  he  used ;  if  the  latter,  it  must  be  prepared 
without  a  covering  of  skin,  in  order  that  its  temperature  may  be  more 
readily  altered.  Also,  the  muscle  must  be  stimulated  directly  and  not 
through  its  nerve,  since  changes  of  temperature  affect  nerve. 

It  is  important  to  use  maxima!  stimuli,  for  cold  increases  the 
excitability  of  muscle,  and  a  stimulus  which  is  minimal  at  5°  C.  will 
be  sob-minimal  at  26°.  The  lever  should  be  weighted  near  its  axis 
and  the  drum  should  revolve  at  a  rate  of  about  20  cm.  per  sec 
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Cold  tap-water  aaline  solution,  which  has  been  cooled  by  ice  to  nearly 
0°  C,  ia  slowly  pmired  upon  the  muscle;  the  temperature  of  the 
solution  is  noted,  the  muscle  is  stimulated,  its  contraction  recorded  and 
the  point  along  the  tracing  at  nhich  the  stininlus  was  sent  into  the  muscle 
is  marked,  ^jwing  the  writing  point  off  the  drum,  but  do  not  move 
the  base  of  the  stand  carrying  the  myograph.  Take  a  series  of  super- 
imposed curves  at  temperatures  of  about  3°,  13°,  23',  and  33'  C.  (Fig. 
38).  Sufficient  time  must  be  given  and  fluid  used  to  allow  the  bulk  of 
the  thick  gastrocnemius  to  attain  approximately  the  temperature  of  the 
wiine  solution.     In  order  to  get  exact  results,  it  would  be  necessary  to 


to  i^tt.     Figure*  DD  curve  >n  the  UnilwrHtursii  ol  Uls  Bmlt  Dolutloo.    (Ptmbn;  marl 
PLiUiij*.} 

suspend  the  muscle  in  the  solution  at  a  given   temperature  until  iti 
substance  had  attained  that  temperature. 

It  will  be  seen  that  cold  lengthens  the  whole  cun-e,  especially  the 
latent  period  and  the  phase  of  active  contraction ;  the  period  of 
relaxation  is  relatively  less  alfected,  but  a  tendency  to  incomplete 
r<:laxation  is  oFlen  seen.'  As  the  muscle  is  warmed,  the  liberation  of 
energy  becomes  more  and  more  rapid,  consequently  the  time  occupied 
by  the  whole  twitch  decreases  progressively,  and  especially  the  latent 
period  and  period  of  shonening;    the  passive  stage  of  relaxation  is 
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nlatively  loss  Bhortetied,  although  muscle  does  become  more  eictensiMa 
as  its  temperature  rises  from  0°  to  30"  C.  (Fig.  38). 

The  relation  between  temperature  and  the  height  of  the  contraction 
is  not  quite  ao  Bimple.  Between  0°  and  about  15°  C.  the  actual  height 
of  the  contraction  may  fall  slightly,  and  for  two  reasons:  as  the  tem- 
perature increases,  the  irritnhJiily  of  the  muscle  decreases;  further, 
other  things  being  equal,  the  more  slowly  a  muscle  contracts,  the 
more  time  it  has  to  shorten  up  as  much  as  it  will  in  response  to  a 
given  stimulus.  From  15'  to  25°  the  height  of  the  curve  rapidly 
increases ;  this  is  largely,  if  not  entirely,  instrumental  in  origin,  and  is 


due  to  the  fact  that,  as  the  liberation  of  energy  hecomes  more  rapid, 
the  leier  receives  a  considerable  jerk  from  the  rapidly  contracting 
muscle.  In  other  words,  the  increased  heigiit  of  the  contraction  is  due, 
not  to  a  greater  liberation  of  energy,  but  to  the  greater  rate  at  which 
the  same  quantity  of  energy  is  liberated.  From  25'  to  35°  C.  the 
irritability  of  muscle  and  its  height  of  contraction  rapidly  fall. 

Now  pour  on  some  solution  wanned  to  50°  C.  When  the  muscle- 
fibres  reach  a  temperature  of  about  40°  C.  ihey  undergo  a  rapid 
shortening  (Fig.  39),  which,  as  the  temperature  of  the  muscle  rises, 
passes  into  the  permanent  shortening  of  '  heat-rigor.'  Tliis  condition 
is  due  to  coagulation  of  some  of  the  muscle  proleids,  and  in  consequence 
the  muscle  becomes  hanl,  opaque,  inelastic,  and  has  permanently  lost 
its  irritability. 
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CHAPTER  VI. 

THE  CONDITIONS  WHICH  AFFECT  SINGLE  MUSCULAR 
CONTEACTIONS-CoNTiHCKo. 
(d)  Load. — Iq  order  to  Gtudy  the  elTect  or  variationa  in  load  upon 
a  single  muBcular  coDtractioa,  the  apparatus  is  arranged  for  atimd- 
lating  the  muscle  by  a  single  maximal  induction-shock,  the  dram 
heing  placed  as  a  key  in  the  primary  circuit  and  arranged  to  rotate  at 
a  Tast  rate.     Make  a  (^astrocneuiius-sciatic  or  hyoglosaus  preparation. 
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Record  a  single  contraction  of  the  muscle  weighted  only  by  the  lever, 
mark  the  latent  period  and  draw  a  base-line.  Then  hang  on  to  the 
lever  near  its  axis  weights  increasing  by  20  grams  at  a  time,  and 
lor  each  addition  of  weight  record  a  contraction.  The  base  of  the 
atand  carrying  the  myograph  should  not  be  moved  during  the  experi- 
ments, but  the  curves  should  be  superimposed  as  in  Figs.  40  umi  41. 
Each    increase   of  weight    stretches    the    muscle,    consetjuently   it    is 
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necessary  to  bring  back  the  writing  point  accurately  on  to  the  base-Une 
before  each  contraction  is  recorded. 

Tiie  general  effects  to  be  noticed  are — that,  as  the  load  is  increased, 
the  latent  period  becomes  slightly  longer,  the  height  of  the  contraction 
generally  becomes  less,  the  rise  of  the  lever  during  the  period  of  active 
contraction  becomes  more  gradual,  and  the  period  of  relaxation,  which 
may  be  at  first  much  decreased,  gradually  lengthens  out  again. 

If  the  muscle  be  fresh  and  in  really  good  condition,  the  early  effect 
of  increasing  the  load  may  be  to  increase  the  height  of  the  first  few 
contractions  (Fig.  43).  This  stimulatory  effect  of  initial  tension  on  the 
power  of  a  muscle  to  liberate  energy  during  a  subsequent  contraction, 
is  seen,  within  certain  limits,  in  all  kinds  of  muscular  tissue ;  and 
it  is  of  importance.  For,  in  the  body,  as  has  been  already  pointed 
out,  the  skeletal  muscles  are,  even  when  relaxed,  under  a  certain 
tension  produced  by  the  pull  of  their  antagonists  and  their  being 
really  shorter  than  the  distance  between  their  points  of  origin  and 
insertion. 

But  when  we  study  the  work  done  by  the  muscle  during  a  series  of 
contractions  with  increasing  loads,  and  not  merely  the  height  of  the 
individual  contractions,  the  stimulating  effect  of  increased  load  is  much 
moie  obvious.  After  the  tracing  has  been  varnished  and  dried, 
measure  off  the  vertical  heights  of  the  curves  corresponding  to  the 
different  loads,  and  calculate  the  work  done  during  each  contraction 
(see  p.  29).  In  the  following  table  are  given  the  details  of  the  work 
done  during  the  contractions  recorded  in  Figs.  40,  41. 
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It  will  be  seen  that,  although  the  height  of  the  contraction  decreases 
as  the  load  increases,  the  work  performed  increases  throughout.  This 
process  of  course  has  limits,  which  will  be  dealt  with  on  p.  60.  The 
important  deduction  to  be  made  from  these  results  is  that  muscle  as 
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a  machine  for  doing  work  is  found  to  have  its  output  of  energy 
regulated,  not  merely  by  the  Btrength  of  the  stimuhis  reaching  it, 
but  also  to  a  large  extent  by  the  amount  of  work  it  is  called  upon  to 
do  (see  p.  60). 

Effect  of  Fatigue- — When  discussing  the  fatigue  of  muscle  it  ia 
necessary  to  draw  a  distinction  between  the  fatigue  of  a  movement 
produced  by  the  voluntary  contractions  of  the  muscle  concerned  in  it 
(see  p.  70),  and  the  fatigue  of  a  muscle  caused  by  the  artificial  stimula- 
tion of  the  muscle  itself  or  of  the  nerve  supplying  it  (see  p.  72). 
Further,  in  the  second  case  there  is  a  marked  difference  in  the  effect  of 
continued  stimulations  on  a  muscle  whose  circulation  is  still  intact  (see 
p.  74),  and  on  oue  which  has  been  excised  from  the  body.  Here  we 
shall  deal  only  with  the  simplest  case  of  a  muscle  excised  from  the 
body  and  stimulated  directly  and  not  througli  its  nerve,  in  order  to 
exclude  any  possibility  of  fatigue  of  nerve  or  of  ntrve  endings. 

Prepare  either  a  hyoglossus  preparation  to  be  stimulated  by  two 
needle  electrodes,  or  a  gastrocnemius-sciatic  preparation  to  be  stimulated 
by  one  needle -electrode  and  by  fine  capillary  copper  wire  threaded 
through  the  lendo-Achillis,  as  the  other  electrode.  The  drum  is  placed  in 
the  primary  circuit,  so  that  each  time  it  revolves  the  muscle  receives  a 
maximal  make  induction-shock  ;  it  should  revolve  at  such  a  speed  that 
the  muscle  will  be  stimulated  once  or  twice  a  second.  Weight  the  muscle 
near  the  axis  of  the  lever,  using  20  grms.  for  a  hyoglossus  and  50 
grms.  for  a  gastrocnemius  preparation.  With  the  Du  Bois  key  closed, 
describe  a  base  line  and  mark  on  it  the  point  at  which  the  stimulus  will 
enter  the  muscle.  Now  often  the  Du  Bois  key,  allow  the  drum  to 
revolve,  and  record  the  first  contraction  and  every  tenth  or  twentieth 
subsequent  contraction.  For  this  purpose,  directly  the  first  contraction 
is  over,  the  writing  point  is  swung  away  from  the  drum,  which  goes 
on  revolving  and  causing  the  muscle  to  contract.  The  base  of  the 
stand  carrj'ing  the  myograph  must  not  be  moved  so  that  for  each  con- 
traction the  point  of  entrance  of  the  stimulus  will  be  the  same.  The 
writing  point  should  be  a  fine  one,  otherwise  the  number  of  super- 
imposed curves  will  to  some  extent  obliterate  each  other. 

When  a  series  of  curves  taken  in  this  way  is  examined  (Fig.  4.3)  it 
is  seen  that  they  show  the  following  changes  as  fatigue  progresses, — 
the  latent  period  becomes  slightly  longer,  the  ehorteuing  of  the  muscle 
takes  place  more  slowly  and  reaches  its  maximum  more  gradually,  but 
the  actual  height  of  the  curves  does  not  begin  to  decrease  much  until 
the  other  features  of  fatigue  are  well  marked  ;  the  lengthening  out  of 
the  period  of  relaxation  is  the  most  marked  feature,  it  is  evident  from 
the  first,  and,  as  it  progresses,  a  '  contraction  remainder '  also  appears. 
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The  rate  at  which  fatigue  conies  on  in  a  muscle  un<^er  the  above 
conditions  is  increased  hy  raising  the  temperature  and  the  load. 

Another  method  of  atudyiug  the  effects  of  fatigue  on  a  hyoglossns 
or  gastrocnemius  muscle  is  as  follows.  In  this  case  the  primary  circuit 
is  made  and  broken  by  hand,  and  the  coutractions  are  recorded  as 
nearly  straight  linea  on  a  drum  revolving  at  the  slowest  possible  speed. 
The  secondary  coil  is  moved  up  to  the  primary  until  both  make  and 
break  shocks  are  maximal,  and  the  muscle  receives  a  stimuluB  once 
every  5  sees.  In  this  way  Fig.  45  was  produced.  It  will  be  seen 
that  the  height  of  the  contractions,  after  remfuning  fairly  constant  at 
the  beginning,  gradually  decreases  until,  at  the  end  of  IS  minutes,  the 
muscle  was  incapable  of  lifting  the  load.  Further,  it  is  seen  that  in 
the  last  two-thirds  of  the  tracing  the  basal  points  of  (be  twitches 
gradually  fail  to  reach  the  base  line,  thus  showing  a  'contraction 
remainder.'  If  the  muscle  had  been  stimulated  at  shorter  tnterrals, 
this  appearance  would  have  come  on  earlier ;  for,  as  soon  as  the  period 
of  relaxation  began  to  increase,  the  next  stimulus  would  have  reached 
the  muscle  before  there  had  been  time  for  relaxation  to  be  completed. 

If  the  muscle  be  allowed  to  rest  for  a  few  minutes  and  then  the 
stimulation  is  continued,  it  will  be  found  that  even  excised  muscle  is 
capable  of  slight  recovery  from  fatigue  (Fig.  45). 

One  other  point  shown  by  Fig.  40  must  be  referred  to ;  the  'height 
of  the  first  twenty  twitches  increases,  showing  a  'stair-case'  effect. 
This  short  and  temporary  improvement  in  the  condition  of  muacle, 
brought  about  by  the  repetition  of  a  stimulus  of  constant  strength,  was 
at  one  time  thought  to  be  peculiar  to  cardiac  muscle  (see  Beart) ;  hut 
although  shown  beat  perhaps  by  the  heart,  it  is  also  shown  by  all  forms 
of  muscular  tissue. 


CHAPTER  VIL 

TWO  SUCCESSIVE  STIMUU.    GENESIS  OF  TETANUS.    TETANUS. 

When  a  second  stimulus  reaches  a  muscle  after  the  contraction  caused 
by  the  first  is  over,  the  muscle  responds  with  a  second  coutractiua 
similar  to  or  perhaps  slightly  higher  than  the  first  (see  Fig.  49).  When, 
however,  the  second  stimulus  reaches  the  muscle  before  the  contraction 
caused  by  the  first  is  completed,  the  response  given  by  the  muscle  to- 
the  second  stimulus  depends  upon  the  exact  phase  of  its  twitch,  in 
which  it  happens  to  be  when  the  second  stimulus  reaches  it. 
In  order  to  investigate  this  point,  arrange  the  drum  and  circuits  a& 
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ID  experiments  for  recording  s.  single  maximal  contraction  on  a  rapidljr 
revolving  drum  (p.  24);  it  is  only  necessary  in  adJilion  to  place  a 
second  'striker'  in  the  primary  circuit  through  the  drum.  If  the  rate 
of  revolution  of  the  drum  remains  constant,  then,  by  simply  altering 
the  angular  distance  between  the  two  'etrikera/  a  second  stimulus  can 
be  sent  in  at  varying  intervals  after  the  first.  Make  a  gastrocnemius 
preparation  and  stimulate  it  either  directly  or  through  its  nerve.  Set 
the  drum  in  motion  and,  with  the  Du  Bois  key  open,  approximate  the 
'strikers'  until  the  muscle  clearly  to  tlie  eye  just  responds  with  a 
complete  contraction  to  each  stimulus.  Close  the  Du  Bois  key,  bring  the 
writing  point  on  to  the  bottom  of  the  drum,  describe  a  base  line  and 
mark  on  it  the  point  at  which  each  stimulus  enters  the  preparation  ^ 
then  open  the  ke}-,  record  both  contractions,  and  close  the  key  again. 
Now  raise  the  myograph  until  the  writing  point  will  just  clear  the  top 
of  the  curves,  approximate  the  strikers  a  tittle,  and  again  record  the 
contractions,  after  marking  a  base  line  and  the  points  of  entrance  of 
the  two  stimuli.  This  process  is  repeated  until  the  '  strikers '  are  finally 
at  such  a  distance  apart  that  the  second  stimulus  falls  wiihin  the  latent 
period  of  tbe  first. 

In  this  way  Figs.  46  A  and  B  were  obtained.  It  shows  that  when  n. 
second  maximal  stimulus  reaches  a  muscle  during  any  part  of  its  period 
of  relaxation  or  of  shortening,  the  rest  of  the  contraction  due  to  the  first 
stimulus  is  omitted  and  the  muscle  starts  off  on  a  fresh  contraction  in 
response  to  the  new  stimulus.  Since  the  second  contraction  may  be  as 
high  as  tbe  first  and  starts  with  the  writing  point  above  the  base  line, 
it  follows  that  the  height  of  the  second  twitch  above  the  abscissa  is 
greater  than  and  may  be  nearly  double  that  of  a  single  contraction ; 
in  other  words,  a  summation  of  contraction  has  taken  place.  If,  how- 
ever, the  second  stimulus  falls  within  the  latent  period  of  the  first,  then 
the  muscle  responds  by  a  contraction  only  to  the  first  stimulus 
(Fig.  46  A);  that  is,  the  muscle  is  refractory  to  tbe  second  stimulus 
so  far  as  its  being  able  to  respond  by  a  second  contraction  is  concerned ; 
therefore  in  skeletal  muscle  the  'refractory'  period  corresponds  lu  time 
to  the  latent  period  (cf.  the  'refractory'  period  of  cardiac  muscle, 
p.  64). 

Oenesifl  of  Tetanus. — In  order  to  study  tbe  response  of  a  muscle  to  a 
series  of  stimuli,  it  is  necessary  to  have  an  apparatus  which  will  auto- 
matically make  and  break  tbe  primary  circuitof  an  induction  coil  at  any 
desired  rate. 

The  vibrating  reed  is  a  convenient  form  and  consists  of  a  flat  steel 
spring  which  can  be  clamped  in  various  positions  along  its  length  ;  by 
altering  the  length  of  spring  which  is  allowed  to  vibrate,  the  number  of 
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▼fbntiona  per  second  can  be  chaof^ed.  The  spring  has  numbers  sUmped 
on  its  upper  surface,  cotresponding  to  the  position  at  which  it  must  be 
clamped  togire  that  number  of  complete  vibrations  per  second.  The  free 
end  of  tbe  spring  carries  a  platinum  point  which  makes  and  breaks 
contact  with  a  mercury  cup  in  connection  with  the  primary  circuit 
(Fig.  47).  In  order  to  maintain  the  vibrations  of  the  spring  it  is  usual 
to  place  above  it,  and  in  the  same  circuit,  an  electro-m^net,  bo  that,  when 
the  spring  makes  contact  with  the  mercury,  it  is  attracted  out  of  the 
cup  again  by  the  magnet.  In  performing  a  complete  vibration,  the 
tpring  will  both  make  and  break  tbe  primary  circuit  and,  in  order  that 
the  two  stimuli  may  not  cauae  contractions  of  unequal  height,  the 
secondary  coil  must  he  so  placed  that  either  the  make  shock  is  just 
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inefiective,  in  which  case  the  number  of  effective  stimuli  per  sec.  will  be 
the  same  as  tlie  number  of  complete  vibrations  of  the  spring,  or  the 
make  aud  break  shocks  are  made  equal  and  maximal,  in  which  case  the 
number  of  contractions  per  sec.  will  be  double  that  of  the  complete 
vibrations  of  the  spring. 

Place  the  vibrating  reed  in  the  primarycircuitsoas  to  give  10  effective 
stimuli  per  sec  Make  a  gastrocnemius  and  sciatic  preparation,  with  the 
Du  Bois  key  closed,  set  the  spring  vibrating  and  bring  the  writing 
poiut  of  the  myograph  on  to  the  surface  of  tbe  drum,  rotating  at  a  slow 
rate,  about  3  to  4  cm.  per  sec. ;  open  the  Da  Bois  key  and  record 
the  contractions  for  about  1  sec.  Stop  the  drum,  adjust  the  spring  to 
give  20  effective  stimuli  per  sec,  and  record  the  contractions  as  before. 
Repeat  again  with  30  stimuli  per  sec.  Then  remove  the  vibrating  reed 
from  the  primary  circuit,  connect  the  battery  with  the  coil  so  as  to  set 
the  Wagner's  hammer  vibrating,  and  record  the  contraction  of  the  muscle 
for  a  few  seconds. 

Since  each  twitch  of  a  gastrocnemius  at  20*  C.  lasts  about  y'^th  sec,  a 
muscle  at  that  temperature  could  just  respond  without  any  summation 
to  10  Blimuh  per  sec.  If,  however,  the  muscle  is  colder  or  fatigued,  and 
each  contraction  therefore  laste  longer,  witli  10  stimuli  per  sec,  some  slight 
summation  may  be  seen,  ie.  relaxation  is  not  complete  before  the  next 
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contraction  begins,  and  the  tine  joining  the  apices  and  basis  of  the 
successive  contraction  ascends  slightly.  With  20  stimuli  per  sec,  the 
BUfflmation  and  fitsion  of  each  individual  contraction  is  more  complete  > 
but  the  apex  of  each  individual  contraction  will  probably  still  bo  seen  : 
the  curve  is  therefore  one  of  incomplete  tetanus  (Fig.  48).  With  30 
stimuli  per  sec.  fusion  may  be  complete  from  the  first,  i.t.  complete 
tetanus,  or  if  not  complete  at  first,  it  gradaally  becomes  so.  This 
gradually  increasing  fusion  (Fig.  48)  is  really  due  to  fatigue :  for 
the  period  of  relaxation  of  the  individual  contraction  tends  to  become 
longer  and  longer,  and  therefore  the  next  stimulus  reaches  the  muscle 
progressively  earlier  in  each  individual  twitch,  until  a  point  is  reached 
in  which  there  is  no  time  for  the  muscle  to  begin  to  relax  between  the 
stimuli,  and  fusion  becomes  complete.  With  the  Wagner's  hammer,  which 
causes  the  muscle  to  receive  50  or  more  stimuli  per  sec,  fusion  is  com- 
plete from  the  first,  One  other  point  is  to  be  noted  in  nearly  all  these 
curves  :  at  first  the  rise  in  the  lever  is  very  rapid,  then  it  suddenly 
becomes  more  gradual,  but,  even  when  fusion  has  been  complete  from 
the  first,  the  lever  may  still  rise  slowly  for  a  short  time  until  the  muscle 
has  reached  the  utmost  shortening  of  which  it  is  capable.  If  the 
stimulation  is  still  continued,  this  height  may  be  maintained  for  a  short 
time,  but  sooner  or  later  the  lever  will  begin  to  drop,  showing  the  onset 
of  marked  fatigue.  In  all  cases  when  the  stimulation  ceases,  the 
relaxation  is  at  first  extremely  rapid,  then  becomes  more  gradual  and  a 
•contraction-remainder'  varying  in  extent  according  to  the  degree  ol 
fatigue  is  generally  seen. 

The  same  experiments  may  he  performed  with  a  hyoglossus  prepara- 
tion. This  muscle,  however,  being  of  the  'granular'  variety  and 
having  a  contraction  which  lasts  twic«  as  long  as  that  of  the  '  clear 
gastrocnemius  (see  p.  30),  is  sent  into  complete  tetanus  with  half  the 
number  of  stimuli,  i.e.  about  1 5  per  sec. 


CHAPTER  VIII. 

THE  PROPERTIES  OF  NERVE,  MINIMAL  AND  MAXIMAL  STIMULL 

A  NERVE  is  not  a  unit ;  it  is  that  branch  of  a  nerve-cell  which  conducts, 
an  impulse  to,  or  from,  the  periphery.  A  nerve-cell  with  its  dendrites 
and  axis-cylinder  process  or  axon  forms  a  unit,  the  tuiiron.  It  is  con- 
venient, however,  to  examine  the  characteristics  of  a  nerve  apart  from 
its  nerve-celt.  The  chief  of  these  are  tacitabililii  and  conductivity. 
Kzcitability,  or,  as  it  is  sometimes  called,  iriiiitbilily,  is  tho  response  to  a. 


ogle 


ELEMENTARY    EXPERIMENTAJ,  PHYSIOLOGY 


3 


idbyGoogle 


46  PRACTICAL  PHYSIOLOGY 

fltimiilus;  a  nervous  impulse,  the  real  nature  of  which  18  unknown, 
is  started  at  the  point  stimulated,  and  is  transmitted  or  conducted 
along  the  nerve. 

Nerves  can  be  stimulated  by  electrical,  mechanical,  chemical  or 
thermal  agents;  of  these  the  most  important  in  experimental 
physiology  is  the  electrical,  for  il  can  be  finely  graduated,  is  of 
extremely  short  duration,  and  can  be  applied  repeatedly  without 
damage  to  the  nerve.  The  first  experiments  will  therefore  be  the 
electrical  stimulation  of  nerve. 

The  Electrical  Stimulation  of  Nerve. — An  induct  ion -apparatus  is 
arranged  for  single  induction-shocks,  and  a  simple  pair  of  electrodes 
is  connected  with  the  secondary  coil  by  means  of  a  Du  Bois  key.  A. 
preparation  of  the  sciatic  nerve  in  its  entire  length  and  of  the  gastroc- 
nemius muscle  of  a  pithed  frog  is  made,  and  near  the  origin  of  the 
nerve  is  applied  the  pair  of  electrodes. 

On  the  passage  of  an  induction-current  through  the  electrodes  the 
nerve  is  stimulated,  and  an  impulse  is  sent  down  the  nerve,  reaches 
the  muscle,  and  causes  it  to  contract.  This  is  indirect  stimulation  of 
the  muscle,  and  is,  if  a  weak  current  be  used,  not  due  to  an  escape 
of  the  electric  current  along  the  nerve  towards  the  muscle.  This  is 
proved  by  the  following  experiment.  A  moistened  thread  is  tightly 
tied  round  the  nerve  at  a  point  between  the  electrodes  and  the  muscle. 
The  passage  of  a  weak  induction-current  of  the  same  strength  as  tliat 
previously  used  will  stimulate  the  upper  portion  of  the  nerve,  but  the 
nervous  impulse  will  not  pass  through  the  block  produced  by  the 
thread.  A  breach  in  the  physiological  continuity  has  been  produced, 
and  the  nervous  impulse  is  not  conducted  through  the  ligatured  nerve. 
The  moistened  thread  would  not  prevent  the  passage  of  a  purely 
electric  current. 

The  response  of  the  nerve  to  a  stimulus  bears  within  certain  limits 
a  relation  to  the  strength  of  the  stimulus.  This  can  be  shown  by  the 
following  experiment. 

TtfBX'"'*'  and  Minimal  stimuli. — The  muscle  of  the  preparation 
is  attached  to  a  myograph,  the  lever  of  which  is  arranged  to  write 
upon  a  drum  covered  with  smoked  paper.  The  electrodes  are 
placed  between  the  muscle  and  the  ligatured  portion  of  the 
nerve  which  was  used  in  the  previous  experiment.  The  induc- 
tion shock  is  made  so  weak  that  no  response  is  obtained,  and 
is  then  gradually  increased  until  a  contraction  is  obsened  with  the 
break-shi  ck  Contraction  does  not  follow  each  break-shock ;  the 
■timolus  is  sub  minimul.  The  contraction  is  recorded  as  a  vertical 
line  upon  the  stationary  drum,  and  before  each  stimulation  the  drum 
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is  turned  by  hand  about  half  an  icch.  The  strength  of  the  current 
is  slowly  increased  until  a  small  contraction  follows  each  breah-shock; 
this  ia  the  minivial  stimulus.  The  diatance  in  centimetres  of  the 
secondary  from  the  primaiy  coil  is  noted  upon  the  dnun.  The  make- 
shock  is  weaker  than  the  break,  so  that  it  ia  necessary  to  use  ouly 
the  one  or  the  other  in  this  experiment. 

The  intensity  of  the  current  ia  still  further  increased  until  the  most 
powerful  contraction  of  the  muscle,  as  indicated  by  the  height  of  the 
nearly  vertical  lines  upon  the  drum,  is  obtained ;  the  stimulus  is  now 
maximal.  Any  further  increase  in  the  strength  of  the  stimulus  ia 
not  accompanied  by  a  bigger  contraction ;  a  supra-maximal  stimulus 
only  produces  a  maximal  contraction,  and  is  liable  to  damage  the  nerve. 

It  may  be,  as  Gotch  has  suggested,  that  the  difference  between 
maximal  and  minimal  stimulation  depends  upon  the  num)ier  of  the 
constituent  fibres  of  the  nerve  stimulated.  A  weak  electric  current 
may  affect  only  a  few  fibres,  and  therefore  the  result  will  bo  only  a 
slight  contraction,  due  to  the  excitation  of  those  rouscle-fibres  alone 
which  are  supplied  by  the  nerve-fibres. 

It  will  be  found  that  the  excitability  of  the  neiTe  changes,  so  that 
with  the  same  strength  of  stimutus  there  will  not  be  the  same  minimal 
point.  A  loss  of  excitability  readily  occurs  if  the  nerve  be  allowed 
t^i  dry,  but  during  this  process  there  may  be  irregular  Bucluations 
in  the  excitability  of  the  nerve  above  and  below  the  normal. 

Mechanical  Stimulation  of  the  ner^-e  can  be  shown  by  pinching  the 
nerve  with  a  pair  of  forceps;  the  muscle  contracts,  showing  that  a 
nervous  impulse  was  produced.  Such  a  method  of  stimulation  injures 
the  nerve,  but  by  means  of  simple  arrangements  a  nerve  can  bv 
stimulated  mechanically  without  damage.  A  light  hammer  worked 
by  an  electro-magnet  may  be  used  to  tap  the  nerve,  or  small  drops 
of  mercury  from  a  funnel  may  be  allowed  to  fall  upon  the  nerve. 
Such  methods  are  useful  in  experiments  in  which  an  electrical  stimulus 
might  introduce  a  source  of  fallacy,  but  for  ordinary  experiments 
they  are  undesirable,  since  there  is  a  difliculty  in  maintaining  a 
constant  strength  of  stimulus,  and  there  is  a  danger  of  damage  to  the 
nerve. 

Thermal  Stimulatioit  is  next  shown  by  the  application  of  a  hot  wire 
to  the  nerve.  The  muscle  contracts.  The  damaged  portion  of  the 
nerve  is  cut  away,  and  to  the  end  of  the  living  nerve  ia  applied  i\ 
crystal  of  common  salt ;  the  muscle  soon  shows  irregular  twitches  due 
to  the  chemical  stimulation  of  its  nerve.  Tho  last  form  of  stimulus  is 
obviously  limited  to  special  experiments,  for  the  stimulus  ia  not  easily 
graduated  and  damages  the  nerve. 
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CHAPTER  IX. 

THE  RELATION  BETWEEN  MUSCLE  AND  NERVE. 

The  motor  nerves  by  means  of  their  end-plates  are  so  intimately  con- 
nected with  the  muscle-fibres  that  it  is  impossible  to  stimulate  the 
muscle-substance  alone  by  the  direct  application  of  a  pair  of  electrodes 
to  the  intact  muscle.  The  question,  therefore,  arises  whether  muscle 
possesaee  tTtdepcndent  excitiibilUy,  whether  it  can  respond  to  a  stimulus 
without  the  intervention  of  its  nerve.  The  development  of  muscle 
from  protoplasm,  which  ia  contractile  and  excitable  although  possessing 
no  nerves,  would  suggest  that  muscle  itself  ia  excitable  and  can  respond 
to  a  stimulus.  This  can  be  shown,  for  the  fully  developed  muscle,  after 
its  nerve  has  been  paralysed  by  the  action  of  a  drug. 

Ourare'  is  an  alkaloid  used  as  an  arrow-poison  by  some  natives  of 
South  America.  The  following  experiments  show  that  it  paralyses  the 
terminations  of  the  motor  nerves,  but  that  the  muscle  still  responda  to 
direct  stimulation  : 

(i)  Two  watch-glasses  are  almost  Riled  with  a  1  per  cent,  solution  of 
curare  in  normal  tap-water  saline.  Two  muscle  and  nervo-preparations 
are  made,  care  being  taken  to  bisect  the  lower  portion  of  the  vertebral 
column  and  thus  obtain  the  entire  length  of  the  sciatic  nerve.  The 
excitability  of  the  nerve  and  of  the  muscle  in  the  case  of  each  preparation 
is  tested  by  the  determination  of  the  minimal  stimuli.  Then  the  nerve 
of  preparation  A  is  placed  in  one  watch-glass  full  of  the  poison,  but  its 
muscle  is  left  outside  upon  a  piece  of  filter-paper  moistened  with  normal 
tap-water  saline.  The  gastrocnemius  muscle  of  the  preparation  B  ii 
placed  in  the  solution  of  the  drug  and  its  nerve  upon  the  damp  filter- 
paper  (Fig.  50).  Stimulation  of  the  nerve  B  will  soon  produce  no 
contraction,  even  if  the  strongest  induction -shocks  be  used;  on  the 
other  hand,  an  examination  of  the  nerve  A  will  show  that  its 
excitability  has  practically  undergone  no  decrease.  Stimulation  of  the 
muscle  B  which  haa  been  exposed  to  the  action  of  the  drug  readily 
produces  a  contraction.  The  poison,  therefore,  must  act  upon  some 
portion  of  the  terminations  of  the  nerves,  probably  upon  the  end- 
plates,  for  both  muscle- substance  and  nerve-trunk  retjilu  their  excita- 
bility even  after  long  exposure  to  the  drug. 

Muscle  will  contract  on  direct  stimulation  even  after  its  nerves  have 
degenerated.  This  experiment,  however,  is  not  suitable  for  a  class,  for 
it  would  be  necessary  to  keep  the  animal  alive  for  two  or  three  weeks 
in  order  that  the  nerve-fibres  might  completely  degenerate. 

'It  ii  prepared  from  vuriuui  plaiita  of  the  genu*  Strycliuoa. 
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A  farther  experiment  with  cunre  can  be  mule,  (ii)  The  cerebnl 
bemispheres  of  a  frog  ue  deetrojred,  and  then  the  sciatic  nervee  are 
carefiilly  exposed  in  each  thigh ;  a  strong  ligatare  is  passed  under  the 
sdatic  nerve  of  one  side,  A,  and  is  tied  tightl;  around  all  the  structures 
of  the  thigh  except  the  nerve.  The  circulation  of  the  blood  is  thus  com- 
pletely stopped  in  the  atmcturea  below  the  ligature.  Stimulation  of 
either  sciatic  nerve  produces  a  contraction  of  the  muscles  of  the  corre- 
sponding leg.  Under  the  skin  of  the  back  of  the  frog  are  injected  two 
or  three  drops  of  a  1  per  cent,  solution  of  curare.     The  poison  is 


absorbed  by  the  blood-vessela  and  is  circulated  in  all  parts  of  the  body 
except  those  below  the  ligature.  Paralysis  is  produced,  and  the  frog 
lies  in  a  toneless  condition  and  does  not  move  if  ite  toes  be  pinched. 
Stimulation  of  the  sciatic  nerve  produces  in  the  case  of  the  ligatured 
l«g.  A,  a  contraction  of  the  muscles,  but  in  the  case  of  the  other  leg,  B, 
no  contraction  occurs.  The  muscles,  however,  of  the  leg,  B,  contract 
OB  direct  stimulation. 

Both  nerves  in  their  upper  portions  have  been  exposed  to  the  poison, 
the  muscles  of  both  legs  reepond  to  direct  excitation,  but  the  ligatured 
leg  alone  to  indirect  stimulation.  The  ligature  has  prevented  the 
poison  from  reaching  the  terminations  of  the  nerves  inside  the  muscles. 
It  is  upon  these  terminations  that  the  curare  acts. 

The  independent  excitability  of  muscle  can  also  be  shown  in  the  case 
of  cardiac  muscle.  The  apex  of  the  ventricle  of  the  frog's  heart  con- 
tains no  ganglia,  but  it  responds  to  a  stimulus,  and  under  appropriate 
conditions  will  even  contract  rhythmically. 

Further  experiment«  upon  the  independent  excitability  of  muscle  are 
given  in  Chapter  XX. 

'This  operation  shonld  bs  perfornied  with  b  pair  of  Spencer-Welia  preuure- 
forceps  in  order  that  no  blood  an,f  be  lost. 
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CHAPTER  X. 

THE  EFFECT  OF  A  CONSTANT  CURRENT  UPON  MU3CLE  AND 
NERVE. 

UnsCLU  and  nerve  conaiat  of  complex  chemical  substances,  and  con- 
tain about  70  per  cent,  of  water  in  which  various  salts  are  dissolved. 
Moreover  they  are  bathed  in  lymph. 

The  passage  of  a  constant  current  through  a  liquid  produces  electro- 
lysis ;  thus,  in  the  case  of  water,  oxygen  is  given  off  at  one  plate, 
hydrogen  at  the  other.  Animal  tissues,  containing,  in  addition  to  a 
large  percentage  of  water,  salts  and  proteins,  are  also  the  seat  of  electro- 
lysis during  the  passage  of  a  constant  current ;  the  ions  are  probably  of 
a  complex  nature.  These  changes  in  nerve  and  muscle  are  shown  by 
alterations  in  excitability  and  conductivity. 

These  it  is  necessary  to  consider  in  relation  to  the  changes  which 
occur  at  the  anode  and  kathode  during  the  make  and  break  of  the 


constant  current.     The  simplest  experiment  can  be  made  U[ 
frog's  heart. 

The  Effects  of  Anode  and  Kathode  upon  the  Frog's  Heart. — The 
brain  and  spinal  cord  of  a  frog  are  pithed  and  then  ti)e  heart  is  exposed. 
Care  should  be  taken  to  avoid  the  severance  of  large  blood-vessels  in 
order  that  the  vascular  system  may  be  well  filled  with  blood.  The 
pericardium  is  opened  and  the  heart  is  observed  ;  the  ventricle  during 
systole  is  pale  owing  to  the  contraction  of  its  muscle  fibres  forcing  out 
the  blood  from  its  spongy  walls ;  during  diastole,  when  the  muscle  is 
relaxed  the  ventricle  is  flushed  owing  to  its  dlstensiou  with  blood. 
There  are  no  blood-^ossels  in  a  frog's  cardiac  muscle. 
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The  ends  of  two  pieces  of  ordinary  insuUied  wire  are  well  cleaned 
and  are  coonectad  with  a  Daniell  battery ;  the  clean  free  ends  of  the 
wires  are  bent  back  so  that  there  will  be  smooth  surfaces  to  apply  to 
the  heart.  The  wire  connected  with  the  copper  of  the  battery  is  the 
iotode,  that  with  the  zinc  is  the  kathodt. 

In  the  frog's  month  is  placed  the  kathode,  for  there  good  contact  ia 
obtained  with  a  moist  conductor;  the  anode  is  placed  upon  the 
ventricle.  Now  it  will  be  found  that  during  the  systole  of  the 
ventricle  that  portion  of  the  muscle  which  is  around  the  anode  will 
be  flushed,  uncontracted,  and  bulging  outwards — the  anode  al  the  viake 
of  the  circuit  produces  a  local  diaatoU  during  general  systole  (Fig.  51  A). 
The  rhythmic  power  of  the  cardiac  muscle  around  the  anode  is 
diminished,  so  that  it  remains  uncontracted. 

If  now  the  wire  be  suddenly  removed  from  the  heart,  the  break 
of  the  anode  causes  an  increased  excitability  of  the  muscle  to 
which  it  had  been  applied,  there  ia  a  local  pallor;  the  cardiac  muscle 
is  here  contracted  during  the  general  diastole  of  the  heart.  The 
break  of  the  anode  produces  a  heal  systole  during  a  general  diastole. 

The  kalhude  is  now  applied  to  the  heart  and  the  anode  is  placed  in 
the  frog's  mouth.  There  is  produced  a  local  systole  during  the  general 
diastole  of  the  hearL  The  kathode  increases  the  excitability  of  the 
cardiac  muscle,  and  thus  the  fibres  affected  remain  contracted.  The 
end  of  the  wire  is  kept  in  contact  with  the  ventricle  for  about  a 
minute  and  is  then  suddenly  removed ;  a  flushed  and  bulging  spot  will 
indicate  the  region  to  which  the  wire  had  been  applied.  The  break  of 
the  kathode  produces  a  local  diastole  during  geiteral  systole,  for  the  dis- 
ajjpearance  of  the  condition  of  katelectrotonus  is  accompanied  by  a  fall 
in  excitability. 

This  simple  experiment  shows  that  the  make  of  the  kathode  and  the 
break  of  the  anode  excite,  that  the  make  of  the  anode  and  the  break  of 
the  kathode  depress.     This  is  also  true  in  the  case  of  nerve- 


CHAPTER  XI. 
THE  ELECTEOMOTTVG  PROPERTIES  OF  MUSCLE  AND  NERVE. 
Ik  uninjured  and  resting  muscle  and  nerve  there  is  no  electric  current, 
but  during  activity  a  current,    the    'current   of  action,'   is    produced. 
Injury  causes  local  activity  around  the  damaged  tissue,  and  ia  there- 
fore accompanied  by  an  electric  current,  the  so-called  '  demarcation  ot 
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it^'wy-utmnt.'  Thu  electrical  cairent  produced  by  injury  is,  as  Gotcb 
pointed  out,  to  be  considered  u  a  eurreiU  of  aeiioH.  These  facts  can  be 
demonstrated  by  tha  following  experimenta. 

The  SheoBcopie  Tng.  Qtintti'*  Experimuitt  OoBtnuttloii  withont 
****''■ — A  long  length  of  the  sciatic  nerve  is  dissected  in  a  pithed  fh^ 
and  the  mnsclea  of  the  thigh  are  exposed  and  cut  acrosi.  The  trunk  of 
the  sciatic  nerve  ia  laid  along  the  longitudinal  surface  of  the  moacles  of 
the  thigh,  and  then  by  raising  the  end  of  the  nerve  by  a  snudl  glaea  rod 
the  transverse  section  of  the  nerve  is  allowed  to  fall  upon  the  cot 
snr&ce  of  the  muscles  (Fig.  62).  At  this  moment  a  twitch  of  the 
muscles  of  the  leg  moves  the  foot  or  toes.  The 
circuit  of  the  eleotrio  current  in  the  muscle  has 
/  been  completed  througli  the  nerve.  The  section 
of  the  muscle-fibres  has  produced  a  local  contrac- 
tion of  the  fibres,  and  this  is  accompanied  by  an 
electrical  change  which  ia  suffioient  to  produce 
excitation  when  it  is  passed  through  an  excitable 
nerve. 

Secondary  Oontractlon  or  Secondary  Twitch. — 

Two  muscle-  and  nerve-preparations  are  made )  the 

nerve  of  A  is  so  placed  upon  the  muscle  B  that  the 

cut  surface  of  the  nerve  lies  upon  the  tendon  and 

ita  longitudinal    surface   upon   the  muscle-fibres 

pia.«i.-xteann<>f^-  (Fig.  53).    The  nerve  of  preparation  B  is  stimu- 

tneuou 3Sciutm«t4ia.     lated  by  a  weak  induction-shook,  and  thus  its 

muscle  is  excited  and  made  to  contract ;  the  muscle  A  will  also  contract. 


companied  by  an  electrical  current, 
I  through  the  nerve  A  and  thus 


The  contraction  of  the  muscle  B  is  a< 
the  'cunttU  of  action,'  which  passe 
produces  a    contraction  in   the 
muscle  A.     Thie  is  not  due  to 
an   escape   of   electrical   current 
from  the  electrodes,  for  a  secon- 
dary twit«h  can  be  obtained  if   ^ 
mechanical  or  thermal  stimuli  be 
used  to  excite  the  nerve  of  pre- 
paration B.    Further,  ligature  of 
the  nerve  B  with  a  moist  thread 
will  show  that  there  is  no  escape 
withaweakinduction-shock;  the  p.o.M.-ni.gi»mofth.«pnimn.t« 

ligature  destroys  the  physiologi-  Be«md»ry  twiuh. 

cal  contionity  and  prevente  the  passage  of  the  excitatory  state  but 
not  that  of  an  electrical  current. 
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Secondaiy  Tetaniu. — If  the  nerve  be  stimulated  with  a  rapid  aeriea 
of  induction-shocks  the  muscle  B  goes  into  tetanus  and  its  'oammls  of 
aclion'  stimulate  the  nerve  A,  with  the  result  that  the  tetanus  is  also 
observed  in  the  muscle  A.  This  'secondary  tetanus'  can  be  produced 
by  rapid  mechanical  stimuli. 

Further  experiments  upon  the  electromotive  properties  of  musole 
and  nerve  are  given  in  Chapter  XXIII. 
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CHAPTER   XII.   (Advanced). 


EXTENSIBILITY  AND  ELASTICITY  OP  MUSCLE  WHEN  AT  BE3T 
AND  CONTRACTED.     COMPARISON  WITH  RUBBER. 

Muscle  is  both  extensible  and  elastic,  that  is,  it  can  be  stretched 
beyond  and  will  return  more  or  lees  to  its  original  length  when  the 
extending  force  is  removed.  These  are  important  properties  ;  for, 
unless  muscle  were  readily  extensible  the  sudden  contraction  of  one  set 
of  muscles  would  in  the  body  be  liable  to  rupture  their  antagonists. 

In  the  study  of  these  properties  a  gastrocnemius  preparation  may  be 
used,  but  a  muscle  whose  Rbres  ma  more  nearly  parallel  to  each  other 
is  preferable,  such  as  a  sartorius  preparation  from  a  large  frog  or  better 
atill  a  gracilis-eemimembranosus  preparation. 

A  gracilia-semimembranosnB  preparation  consists  of  the  two  large 
internal  thigh  muscles  (Figs.  20,  21).  The  gracilis  is  a  large  musole  lying 
along  the  inner  side  of  the  sartorius ;  it  arises  from  the  ischial  sym- 
physis and  is  inserted  into  the  head  of  the  tibia.  The  semimembranosus 
is  a  bulky  muscle  behind  the  gracilis  on  the  posterior  aspect  of  the  thigh  ; 
it  also  arises  from  the  ischial  symphysis  and  is  inserted  into  the  back  of 
the  head  of  the  tibia.  To  make  the  preparation,  isolate  these  two  muscles 
from  those  surrounding  them  near  their  points  of  insertion,  cut  through 
the  tibia  below  this  point  and  through  the  femur  just  above  the  knee 
joint.  Holding  this  piece  of  bone,  separate  the  two  muscles  up  to  the 
symphysis  and  remove  with  thom  the  bone  front  which  they  arise.  If 
a  larger  or  longer  musule  still  is  required,  a  double  preparation  may  be 
made  with  the  muscles  of  both  thighs  and  the  two  hung  side  by  side,  or 
one  below  the  other,  united  in  the  middle  by  the  piece  of  the  symphysis. 

The  following  experiments  should  be  performed.     The  bone  at  the 
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apper  end  of  the  preparation  is  rigidly  fixed  in  a  clamp  and  to  the 
lower  end  is  attached  by  a  short  thread  or  pin  a  brass  mm.  scale, 
bavJDg  iu  xero  at  the  bottom.  The  lower  end  of  the  scale  has  a  enial) 
tray  to  carry  weights  or  a,  hole  by  which  weights  can  be  booked  on.  A 
pointer  carried  by  a  separate  stand  is  placed  opposite  the  sero  of  the 
eoale.  A  weight  of  10  grms.  is  attached  to  the  scale  and  the  amount 
of  extension  read  off;  then  another  10  grms.  is  added  and  so  on  until 
the  load  is  100  grms.  or  more.  It  will  be  found  that  the  length  to 
which  the  muscle  is  extended  is  not  proportional  to  the  weight  used, 
but  that,  by  each  increase  of  weight  the  muscle  is  stretched  rather  less, 
the  greater  the  previous  extension.  By  removing  the  weights  one  by 
one  the  elasticity  of  the  muscle  is  observed  ;  it  is  not  complete ;  for 
when  all  the  weights  have  been  removed  the  muscle  does  not  at  once 
return  to  its  original  length.  An  '  extension-remainder '  is  present,  and 
this  ia  the  more  marked  the  more  the  muscle  is  fatigued  by  the  degree 
and  duration  of  the  extension.  Therefore  the  observations  should  bo 
made  as  rapidly  and  on  as  fresh  a  muscle  as  possible.  It  is  probable 
that  muscle  in  the  body  with  its  circulation  intact  is  completely  elastic. 

If  the  muscle  is  replaced  by  a  suitable  piece  of  rubber  band  and  the 
same  observations  are  repeated  on  it,  it  will  be  found  that  the  series  of 
elongations  are  more  nearly  proportional  to  the  weights  used,  thus  con- 
forming nearly  to  Hooke's  Law,  which  states  that  the  successive 
increments  in  length  produced  by  equal  increments  of  weight  are,  in  a 
perfectly  elastic  body,  equal.  Also,  as  the  weights  are  successively 
removed,  it  will  be  found  that  the  elasticity  of  rubber  is  more  nearly 
perfect.  But,  if  the  extension  be  great  and  of  long  duration,  an  *  exten- 
sion-remainder '  does  appear  and  only  gradually  disappears. 

Another  method  of  demonstrating  the  same  properties  is  to  fix  the 
upper  end  of  a  muscle -preparation  in  the  clamp  of  a  simple  myograph 
and  to  attach  its  lower  end  to  the  lever  by  a  bent  pin.  Attached 
to  the  lever  vertically  below  the  muscle  is  a  scale-pan  or 
hook  to  which  weights  can  be  suspended.  The  writing  point 
of  the  lever  is  brought  on  to  the  surface  of  a  stationary  smoked 
drum  and  a  sero  line  describcrl  by  rotating  the  drum  by  baud.  The 
drum  is  rotated  back  so  that  the  point  of  the  lever  is  6  mm.  from  the 
beginning  of  the  zero  line,  a  weight  of  10  grms.  is  attached  to  the  lever, 
the  muscle  will  be  extended  and  the  writing  point  will  record  a  new 
vertical  line  on  the  drum.  Turn  the  drum  by  hand  so  that  the 
writing  point  will  describe  a   horitontat   line  5  mm.  long,'  attach 

'  By  thmiting  the  pointa  of  it  pair  of  fine  forceps  throagh  >  thin  pUce  of  cork  a 
tnwiiDi  f>{  meaaiiring  off  eqokl  diatnncet  U  obtained  i  there  U  a  mm.  uale  OD  the 
indnctioD'CoiL 
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aaother  10  grms,  and  repeat  tbe  process  until  100  grme.  or  more  are 
extending  the  miiacle.  In  the  same  way  reverse  the  process  and 
remove  the  weights  of  10  grms.  one  by  one.  If  now  the  lower  ends  of 
tbe  vertical  lines  drawn  by  the  fall  and  rise  of  the  lever  are  joined,  a 
curved  line  will  be  formed,  showing  that  tbe  extension  of  the  muscle 
becomes  less  and  less  for  each  additional  weight.     Further,  when  all  the 


weights  have  been  removed,  the  writing  point  will  be  below  the  original 
zero  line,  showing  an 'extension-remainder' (Fig.  54).  It  will  also  be 
Been  that  the  line  corresponding  to  tbe  elasticity  of  tbe  muscle  is  a 
flatter  and  more  gradual  curve  than  that  corresponding  to  the  extension  i 
thiM  is  caused  hy  the  long  continued  load  impairing  the  elasticity  of 
the  muscle. 


If  the  experiment  be  repeated  on  a  piece  of  rubber  band,  the  line  join- 
ing the  lower  ends  of  the  vertical  lines  will  be  nearly  straight,  and  little 
or  no  'extension-remainder'  will  be  seen.  Figs.  55,  56  show  a  com- 
parison of  the  lines  thus  described  for  a  muscle  and  piece  of  rubber 
loaded  from  0  to  500  grms,  and  then  gradually  unloaded  again. 

A  contracted  muscle  is  more  extensible  than  a  resting  one.  This  is 
of  importance  in  the  body  ;  for,  otherwise,  a  auddun  and  powerful  con- 
traction of  a  muscle,  trying  to  lift  a  heavy  weight,  would  be  liable  to 
rupture  either  the  muscle  itself,  or  its  tendon,  or  the  bones  to  which  it 
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18  attached.  As  a  matter  of  fact,  of  these  three  Btmcturea  muscle,  owing 
to  its  increased  extenaibility  during  contraction,  is  the  leaat  often 
ruptured.  In  order  to  demonstrate  this  pro^rly  the  muscle-prepara- 
tion is  attached  to  the  clamp  and  lever,  as  in  the  last  experiment. 
Arrange  the  apparatus  for  stiumlating  the  muscle  directly  with  single 


maximal  induction -sliocks,  using  a  spring-key  in  the  primary  circuit 
Bring  the  writing  point  on  to  a  stationary  drum  and,  with  the  muscle 
weighted  only  by  the  lever,  describe  an  abscissa  line  corresponding  to 
the  restiiiL;  muscle.  With  the  writing  point  again  at  the  beginning  of 
this  line,  stimnlate  the  muscle  once  and,  from  the  top  of  the  ordiimte  so 
marked,  draw  another  abscissa  tine  corresponding  to  the  muscle  when 
contracted.  Rotate  the  drum  by  hand,  so  that  the  writing  ])oint  is 
now  5  mm.  along  the  'resting'  absciaaa  line;  hang  20  grms.  on  to 
the  lever  and  atiraulate,  so  a^  to  record  a  second  ordinate  5  mm.  from 
the  first.  Repeat  this  process,  increasing  the  weight  by  an  equal 
amount  each  time.  In  this  way  Fig.  57  was  produced.  It  is  clear 
that  the  distance  of  the  lowest  point  of  each  ordinate  below  the 
'resting'  abscissa  line  represents  the  extension  of  the  resting  muscle 
by  a  given  weight,  and  that  the  distance  of  the  top  of  the  same  ordinate 
below  tbe  '  contracted  '  abscissa  line  represents  the  extension,  by  the  same 
weight,  of  the  muscle  when  contracted.  If  the  lowest  and  then  the 
highest  points  of  the  ordinate  are  joined,  two  curved  lines  are  produced 
which  represent  rea[>ectively  tbe  cui'ves  of  extension  of  resting  and 
contracted  muscle  (Fig.  S7).  It  will  be  seen  that  the  extensibility  of 
contracted  muscle  is  absolutely  greater,  and  increases  more  rapidly, 
than  that  of  resting  muscle.     Hence,  if  the  observations  were  carried 
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far  enough,  the  two  curve  lines  would  ultimately  cross ;  tfai»  meani 
that  if  a  muscle  were  loaded  by  a  weight  greater  than  it  could  lift,  it 


would  during  its  stimulation  actually  lenglhun  (Weher'a  paradox).  I( 
this  were  not  so,  we  should,  when  trying  to  lift  a  load  greater  than  the 
muscle  could  move,  run  a  great  risk  of  rupturing  our  muscles. 


o 

L 


CHAPTER  XIIL  (Advafuxd). 

LOAD  AND  AFTER-LOAD.     WORK  DONE  WITH  INCREASING  LOADS. 

Muscles  may  be  loaded  in  two  ways  ;  the  load  may  be  applied  before 
the  muBcle  has  begun  to  contract,  or  only  after  it  has  already  begun  to 
contract ;  this  latter  method,  in  order  to  distinguish  it  from  the  former, 
is  called  '  after-loading.'  Most  of  the  muscles  in  the  body  are  both 
loaded  and  after-loaded ;  that  is,  they  are  constantly  loa<!ed  by  the 
pull  of  their  antagonieta,  and  it  is  only  after  thoy  h.tve  already  begun 
to  shorten  that  the  main  load — the  weight  of  the  limb,  etc. — is  applied 
to  them.  The  deltoid,  however,  is  an  instance  of  a  muscle  constantly 
loaded  by  the  weight  of  the  arm  ;  the  ventricle  of  the  heart,  on  the 
other  band,  ie  a  muscle  which  is  only  alter-loadod. 
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The  effect  of  load,  and  of  its  method  of  application  on  a  aingle 
muscular  contraction,  will  be  studied  in  the  following  ways :  (tt)  the 
contraction  given  by  a  muscle  loaded  and  after-loaded  with  the  same 
weight  will  be  compared;  (fi)  a  con- 
stant load  will  be  tbrown  on  to  a 
I  muscle  as  an  after-load  later  and  later 
J  in  ita  period  of  shortening,  and  the 
;  effect  on  the  contractions  noted  ;  (c)  the 
t  muscle  being  just  completely  after- 
I  loaded,  the  height  of  contraction, 
B  with  increasing  loads,  will  be  mea- 
1  sured  and  the  work  done  with  each 
^       calculated. 

T  Oomparison  of  the  Oontractions  of 

a  Loaded  and  After-loaded  Miuclo. — 
^^    Arrange  the  apparatus  for  stimulating 
1^    a  muscle  with  single  maximal  induc- 
I      tion  shocks,  using  the  drum  as  a  key 
^■1    in  the  primary  circuit.     Fix  a  gastro- 
■fi|    cnemiuB   preparation   to   a  myograph 
■%$    lever,  provided  with  an  after-loading 
J I    screw  ;  by  raising  the  screw  the  metal 
■^^    part  of  the  lever  can  be  supported  at 
?^    any  level  (Fig-  25),     Hang  a  weight 
i"    of  50  grms.  near  the  axis  and  raise  the 
*  I     screw  until  the  whole  of  the  weight 
t       is  just  after-loaded ;  this  point  can  be 
^      ascertained  by  supporting  the  weight 
I       with  the  finger,  and  when  the  muecle 
S       no  longer  tends  to  raise  the  lever  off 
"^       the  after-loading  screw,  the  muscle  is 
I      unstretcbed  by  any  load.     Arrange  the 
i       apparatus  so  that  with  the  screw  in 
3      this  position  the  lever  is  horizontal. 
J;      Record  a   single   contmction   of   the 
a       muscle  on  a  rapidly  revolving  drum. 
mark    the   point   of  stimulation,   and 
draw  an  abscissa.      Then  lower  the 
after-loading  screw  until  the  muscle  is 
loaded  with  the  whole  weight,  and  super-impose  on  the  same  abscissa 
1  with  the  same  point  of  stimulation  a  contraction  of  the  loaded 
muscle  (Fig.  58). 
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The  main  differencea  between  these  two  curves  are — in  the  purely 
after-loaded  muscle  tliere  is  an  appreciable  lengthening  of  the  latent 
period  owing  to  the  muscle  in  its  unstretohed  condition  having  to  take 
in  '  slack ' ;  a  diminution  in  the  height  of  the  contraction,  owing  to 
the  absence  of  tension  on  the  muscle  before  the  contraction  began.  In 
other  words,  moderate  initial  tension  increases  the  power  of  a  muscle  to 
do  work. 

Progressive  After-loading  of  a  Uuscle. — With  the  same  arrangement 
of  apparatus  as  in  the   preceding  experiment,   record  a  single  con- 


traction of  the  muscle  when  just  after-loaded,  draw  a  base  line  and 
mark  the  point  of  stimulation.  Now  raise  the  after-loading  screw 
until  the  writing  point  is  on  a  level  with  the  highest  point  of  the 
preceding  curve;  draw  a  fresh  abscissa  at  this  level  and  record  a 
contraction;  the  point  of  stimulation  will  be  the  same  as  before. 
Repeat  this  process  until  the  muscle  can  no  longer  lift  the  lever  off 
the  after-loading  screw  (Fig.  59). 

From  this  experiment  we  aee  that,  in  a  series  of  contractions 
each  more  after-loaded  than  the  last,  a  muscle  is  able  to  undergo 
a  little  further  shortening  each  time  until  it  reaches  its  maximal 
ahortening.  Also  by  measuring  the  heights  of  the  contractions 
above  their  respective  abscissae,  we  learn  that  the  longer  after 
stimulation  it  is  before  the  muscle  meets  the  resistance  of  a 
given  weight,  the  lees  is  the  muscle  then  able  to  overcome  that 
resistance  and  raise  the  weight,  la  other  words,  as  a  muscle 
contracta  its  extensibility  progressively  increases,  and  its  absolute 
contractile  force  decreases,  until  at  the  height  of  its  contraction 
its    extensibility    is    greatest    and    its    absolute    contractile    force 
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niL  Hence  a  miucls  would  contract  under  the  most  favourable 
oircumatances,  if  the  load,  a«  it  was  raised,  progressively  decreased. 
BeUtioa  of  Load  to  Work  done  dnxing  0<»itrsctlotL — In  order  to 
record  the  height  of  contraction  for  a  large  range  of  weights,  it  is 
more  convenient  to  record  on  a  stationary  drum  simply  the  heights 
of  a  series  of  twitches  than  to  super-impose  a  large  nnmber  of  curves. 
The  apparatus  is  arranged  for  stimulating  the  muscle  with  a  single 
maumal  indnction-shock,  using  a  simple  key  in  the  primary  circuit. 
A  weight  is  hung  near  the  axis  of  the  lever  of  such  a  size  that  the 
actual  load  on  the  muscle  is  60  grma.;  the  method  of  calculating 
this  weight  has  been  already  given  on  p.  29.  The  muscle  is  just 
completely  after-loaded  throughont  the  experiment  in  order  to  get 
rid  of  the  effect  of  alterations  in  the  initial  tension.  With  the  lever 
horizontal,  the  muscle  is  stimulated,  and  the  height  of  its  contrac- 
tion recorded  on  a  stationary  drum.  The  drum  is  rotated  a  short 
distance  by  hand;  an  additional  load  of  50  grms.  is  bung  from  the 
lever,  and  another  contraction  recorded.  The  process  is  repeated 
until  the  muscle  is  no  longer  able  to  raise  the  load  off  the  after- 
loading  screw.  Fig.  60  gives  the  result  of  such  an  experiment ;  in 
it  the  magnification  was  5,  and  the  actual  load  on  the  muscle  halt 
of  the  weight  hang  near  the  axis  of  tbe  lever.  The  following  table 
gives  in  gnu.  mm.  the  work  done  by  the  muscle  with  the  varioua 
loads. 

aotiul  la«l  tn  gm.  Aotiul  lilt  la  mm.  Work  in  gnn,  mm. 


From  the  last  column  in  this  table  we  see  that,  although  tbe  height 
of  tbe  contractions  diminishes  continuously,  tbe  actual  work  done  by 
the  muscle  inoreases  at  first  rapidly  and  then  more  slowly,  until  it 
reaches  its  maximum  with  a  load  of  200  grms.  After  that  point 
the  work  done  begins  to  decreaae  slowly,  and  then  more  rapidly 
until  at  700  gnns.  a  load  is  reached  which  tbe  muscle  is  unable  to 
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lift.  This  weight  representa  the  'abaolule  contractile  force'  of  this 
muBcle,  that  ia,  the  load  which,  brought  to  bear  on  the  muscle  at 
the  instant  of  contraction,  is  juet  able  to  prevent  it  from  ahortening. 
Although  the  muscle  is  unable  to  lift  this  load,  and  therefore,  when 
atimulated,  does  no  visible  mechanical  ivork,  it  nevertheless  liberates 
energy  chiefly  as  hfat. 


J 


Pio.  Dft-Hsighl  at 
nniDlior  IwIpw  «cb  omtnicUOD 


f  gastrocnflralui  with  IncreulDS  loftd.     Tha 
,  .-.OHrredtaEl^tlniDiii.    HBKnifiiiitlgD,  0.  Ths 

1  h»]/ of  tCti  nnmbor.    (A.P.B.)  """ 


We  are  now  in  a  position  to  recapitulate,  bo  far  aa  load  is  concerned, 
the  conditions  necessary  to  obtain  an  optimal  contraction  of  a  muscle 
and  to  see  how  far  they  exist  in  the  living  body.  Initial  tension, 
we  have  seen,  decreasea  the  latent  period  and  increases  the  power 
of  the  muscle  to  do  work.  In  the  body  the  muscles  are  constantly 
loaded  to  a  alight  extent,  and  are  thua  kept  stretched  and  free  from 
'slack.'  In  this  way  movementa  with  a  short  latent  period,  and 
with  an  absence  of  jerkiness  are  obtained;  and  the  muscles  by  being 
stretched  are  kept  irritable,  awake  and  fit  for  sudden  work.  On 
the  other  hand  we  see  that  a  muscle,  when  purely  aft«r-loaded,  is 
at  a  disadvantage  for  doing  work ;  yet  in  the  body  the  main  load 
is  thrown  on  as  an  after-load.  The  advantage  of  this  arrangement 
depends  upon  the  increased  extensibility  of  contracting  muscle ;  for, 
in  this  way  liability  to  rupture  is  reduced;  further,  there  is  a  saving 
of  energy  in  pulling  at  a  dead  weight  throiigh  an  elastic  spring, 
instead  of  through  an  inelastic  cord,  since  some  of  the  energy  expended 
would  be  lost  in  a  sudden  jerk,  but,  in  the  case  of  the  spring,  is 
stored  up  in  it  and  given  out  again  aa  its  elastic  recoil.  Thus  smooth- 
ness is  imparted  to  even  the  most  sudden  movements.     We  have 
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also  Men  that  as  a  mnacle  sbortenB  its  aboolate  contractile  force 
decreases ;  therefore,  it  is  clear  that  the  after-load  should  be  thrown 
on  to  the  muscle  at  the  instant  of  contraction,  when  the  contractile 
force  of  the  mosole  is  at  its  tnaxiinum,  and  not  later ;  this  is  the 
srran^ment  in  the  bodf.  Further,  it  would  be  an  advantage  if  the 
load  decreased  as  the  contractile  force  of  the  muscle  during  its  con- 
traction decreased;  this  is  not  usually  the  case  in  the  body,  but  it 
does  occur  in  certain  movements,  as,  for  instAnce,  in  jumping  or 
wheOj  with  the  upper  arm  borisontal,  a  weight  in  the  hand  is  raised 
by  flexing  the  forearm  on  the  elbow. 


CHAPTEK  XIV.  (Advanced). 

SUMMATION  OP  STIMULI. 

In  a  previous  chapter  the  subject  of  summation  of  contractiona  has  been 
dealt  with.  This  summation  of  'effect'  must  be  distinguished  from 
the  sununation  of  stimuli,  by  which  an  inadequate  stimulus,  if  repeated 
auffioiently  often,  becomes  first  adequate  and  then  for  a  time  increas- 
ingly effective.  This  is  a  summation  of  'cause,'  and  probably  plays 
an  important  part  in  the  life  of  all  living  matter. 

In  order  to  demonstrate  the  summation  of  stimuli,  arrange  the 
apparatus  for  stimulating  a  gastrocnemius  muscle  directly  with  single 
induction-shocks,  using  a  simple  key  in  the  primary  circuit.  Place  the 
secondary  coil  at  such  a  distance  from  the  primary  that  the  break- 
shocks  are  just  subminimal.     Repeat  the  stimulus  every  5  seconds. 
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It  will  be  found  that  sooner  or  later  the  auitimed  excitatioiis  will  caoae  a 
contraction,  and,  if  the  contractions  are  recorded  on  a  alowly  revolving 
drum,  that  a  well-marked  '  stair-caae  '  effect  is  produced  (Fig.  61). 

In  dealing  with  the  response  of  muscle  to  two  successive  stimuli,  it 
has  been  seen  that,  «hen  the  second  stimulus  falls  within  the  latent 
period  of  the  firat,  tbe  muscle  is  refractory,  so  far  as  being  able  to 


respond  with  a  second  contraction  is  concerned ;  but  it  is  not  true  that 
a  muscle  during  its  refractory  period  always  entirely  ignores  a  second 
stamulus. 

In  order  to  investigate  this  point,  the  apparatus  is  arranged  as  in 
demonstrating  the  effect  of  two  successive  stimuli  (p.  42).  The  two 
'strikers'  are  placed  at  such  an  angular  distance  apart  that  the  second 
stimulus  falls  well  within  the  latent  period  of  the  first ;  the  muscle  is 
stimulated  directly.  The  secondary  coil  is  placed  at  such  a  distance 
from  the  primary  that  when,  by  rotating  the  drum  by  hand,  one  of  the 
strikers  is  made  to  pass  over  the  naked  wire,  a  minimal  or  submasimal 
break,  but  no  make  contraction  is  obtained.  A  timing  fork  is  arranged 
to  write  under  the  myographs  ever,  the  drum  ts  allowed  U>  make  one 
revolution  at  a  rapid  rate,  a  base  line  is  drawn,  and  the  points  of 
stimulation  corresponding  to  each  'striker'  are  marked  Swing  the 
lever  away  from  tbe  drum,  but  do  not  alter  the  position  of  the  base  of 
the  stand  carrying  the  myograph.  The  single  contraction  so  recorded 
is  the  response  of  the  muscle  to  two  break  shocks.  In  order  lo 
determine  whether  the  muscle  has  been  in  any  way  influenced  by  the 
second  stimulus,  raise  the  second  'striker,'  so  that  it  will  no  longer 
touch  the  naked  wire,  and  record  the  contraction  due  to  the  first 
stimulus   alone   (Fig.    62),     It  will  be  found  that  tho  contraction 
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n  not  BO  greikt  aa  that  due  to  the  tvo 
stimuli.  In  other  words,  there  has 
been  a  summation  of  stimuli  during 
the  refractory  period.  In  the  same 
i  way  subminimal  stimuli  can  be 
;  summated,  but  two  maximal  stimuli 
are  summated  only  when  they 
follow  each  other  after  an  interval 
of  leaa  than  ^J^th  second. 

Aa  has  been  pointed  out  on  p.  25, 
when  a  '  etriher '  passea  over  the 
naked  wire,  there  is  both  a  make 
and  break  of  the  primary  circuit ; 
conse<iuently  in  these  experimenla 
the  miiBcle  really  receives  four 
induction-shocks,  of  which,  accord- 
ing to  the  position  of  the  secondary 
coi),  all  four  might  be  individually 
subminimal,  or  the  two  break-sbocka 
might  be  alone  effective,  or  all  four 
might  be  effective.  In  order  to 
deal  with  the  summation  of  two 
break-shocks  alone,  it  is  usual  to 
perform  these  experiments  with 
the  following  special  piece  of 
apparatus. 

The  Spring  or  Trigger  Uyograph 
(Fig.  63). — It  consists  of  a  he.ivy 
metal  base  which  is  clamped  to  the 
bench.  The  essential  part  of  the 
apparatus  is  an  oblong  nietnl  frame 
carrying  a  smoked  glass  plate,  the 
recording  surface,  which  is  shot 
on  two  horizontal  wires  past  the 
writing  jwints.  In  order  to  prepare 
the  apparatus  for  use,  the  frame  is 
pulled  to  one  side  by  one  of  the 
arms  attached  to  it ;  this  compresses 
a  spring  on  the  other  arm,  and  the 
frame  is  held  in  position  by  a  catch 
or  trigger.  When  the  catch  is  re- 
leased the  spring  gives  the  frame  and 
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j^Hi  plate  a  npid  and  UDiform  horizontal  motion,  and  the  momoiitum 
earriei  tlie  reootding  eurface  across  until  stopped  by  the  buffer*  at  the 
oppimla  nde.  The  frame  camea  on  its  under  surfiwe  two  pins  vhioh 
kitock  over  two  vertical  keys  and  so  breaks  two  primary  eircaits  (Fig. 
64),    Ki  is  fixed,  but  K^  is  movable  horizontally,  and  its  position  can 


a.  U.  — Tfaa  iprlDg  iiirii;n«|itL 


be  adjusted  so  that  it  will  be  knocked  over  at  any  desired  interval  after 
Ky  A  pointer  is  attached  to  A*^  and  when  this  is  opposite  the  zeroof  the 
•eale  this  key  will  be  knocked  ovor  at  the  same  instant  as  A*, ;  there- 
fwe,  in  order  that  JT,  may  be  knocked  over  after  K^  and  that  the  second 


Dlwnm  at  the  iprlnc  m jagnph  In  ok 


stimulus  may  still  Tall  within  the  latent  period  of  the  first,  it  is 
necessary  to  move  K^  a  short  distance  along  the  scale  from  A,.  Place 
both  keys  in  the  primary  circuit  of  the  same  coil  and  arrange  the 
secondary  coil  at  such  a  distance  from  the  primaiy  as  to  give  sub- 
maximal  break-shocks.  With  the  spring  compressed,  the  catch  down 
and  both  keys  vertical,  the  writing  points  of  the  lever  and  tuning  fork 
are  placed  against  the  recording  suriace  at  its  spring  end  in  order  that 
the  whole  contraction  may  be  recorded.  Eelease  the  catch.  The  frame  is 
then  pulled  back  to  its  original  position,  both  keys  are  made  vertical 
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I^H 

again,  and  tlio  pina  on  the  itntne 

H^H 

are  slowly  brouglit  up  against  the 

^^H 

If-S      two  keys  in  turn  and  the  points 

■^1 

^3^      along  the  curve  marked  al  which 

w^M 

^ll      the  two  stimuli  entered  the  muscle; 

^^H 

£||      the  second   stiraulua  should   have 

H^l 

J  ".-a      fallen  well  within  the  Intent  period 

n^H 

~|  1     of  the  Rnt.    Uvact  the  apparatus, 

I^H 

S^      leaving  ifs  horizontal,  but  placing  A", 

ui^l 

3  ^      vertical,  and  record  the  contraction 

H^H 

t-d      due   to   the    first   stimulus  alone. 

I^H 

l^S,      This    second    contraction    will    bo 

H^l 

|-^^      found  to  bo  smaller  than  that  caused 

^^H 

|||      by  the  summation  of  the  two  eub- 

H^l 

IIb      masimal  stimuli. 

n^l 

|||          Fig.  65   shows   the  contractions 

I^H 

:l  S      obtained  by  a  Pendulum  Myograpli 

H^l 

1 1*      which  is  fundamentally  the  same  as 

B^H 

1  f^a      a  spring  myograph,  and  differs  only 

I^H 

^  1  g      in  that  the  smoked  plate,  instead  of 

K^M 

Ip      being  shot  horizontally  across  by  a 

I^H 

^  g  °      spring,  swings  across  at  the  end  of 
sl^      a  long   and    heavy   pendulum   and 

^^H 

H^l 

tli      describes  an  arc  of  a  circle. 

I^H 

1^1          The  glass  plate  in  either  case  is 

H^l 

1  S,      varnished  in  the  ordinary  way,  and, 

^^H 

|s      when  dry  the  curves  are  reproduCBd 

I^S      by  exposing   to   daylight  sensitive 

I^H 

^1 

11  a      iwpei"  covered  by  the  smoked  plata 

wM 

III 
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CHAPTEE  XV.  (Advanced). 

EFFECT   OF   DISTILLED   WATER   AND  OF  VARIOUS   SALTS 

ON   MUSCLE. 

The  variuiis  I  issues  of  the  botly  are  all  Wtheil  in  the  aame  fluid, 
the  lymph,  which  so  far  as  the  water  and  ealta  it  cantaina  are  con- 
cerned, haa  a  uniform  composition.  The  tissues,  although  immersed 
in  the  same  fluid,  show  diflerent  and  characteristic  pra|>erties  owing  to 
their  difl'erence  in  structure  and  chemical  composition.  If,  however, 
the  composition  of  the  fluid,  in  which  any  given  tissue  is  immersed,  be 
altered,  the  composition  and  consequently  the  properties  of  its  pruto 
plasm  must  also  be  Altered.  The  first  eS'ect  on  living  matter  of  such 
a  charige  is  to  cause  its  stimulation,  and  then  if  the  change  be 
sufficiently  profound  and  lon;^  continued  to  produce  its  death. 

Only  two  changes  in  the  tissue  fluids  will  be  considered  here, 
namely — -(a)  Gross  change  in  the  osmotic  pressure  of  the  fluid,  by 
using  distilled  water  or  a  stroti;^  saline  solution ;  and  (i)  Change  in  the 
ions  in  solution  without  alteration  in  the  osmotic  pressure  of  the  fluid, 
by  ueiiig  soiutiojis  of  various  salts  isotonic  with  frog's  blood  plasma. 

Effect  of  Distilled  Water. — Dissect  out  a  gastrocnemius  muscle  and 
place  it,  without  a  'trouscr'  of  skin,  in  a  watch-glass  containing 
distilled  water.  For  a  few  minutes  the  muscle  may  show  irregular 
contractions,  then  it  becomes  o[)aque,  swollen  and  incapable  of  re- 
sponding to  a  stimulus  with  a  contraction.  The  muscle  is  said  to  have 
passed  into  a  condition  of  'water-rigor.'  Test  the  muscle  with  induction 
shocks  and  demonstrate  that  it  will  no  longer  contract. 

By  placing  the  muscle  into  distilled  water  two  efl'ects  are  produced — 
the  inorgaiuc  salts  in  the  muscle  difluso  out  into  the  water,  and  water 
is  attracted  by  osmosis  into  the  muscle  so  that  each  flbre  becomes 
greatly  distended  with  fluid.  The  first  effect  of  these  changes  is  to 
produce  Htimulation,  but,  as  the  muscle  fibres  are  distended  with  fluid, 
they  become  incapable  of  contracting,  and  finally  there  are  not  enough 
salts  left  in  the  muscle  to  keep  the  globulins  in  solution ;  hence  the 
muscle  becomes  gradually  opaque  and  dies. 

Effect  of  Strong  Saline  Solutions. — This  effect  will  be  exactly  the 
opposite  of  that  due  to  distilled  water;  for  water  will  be  abstracted 
from  the  tissue,  and  large  quantities  of  the  salt  will  diff'use  into  the 
muscle. 

The  effect  on  a  tissue  of  mere  abstraction  of  water  from  it  is  test 
seen  by  allowing  a  nerve  to  dry.     Make  a  gastrocnemius  and  sciatic 
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preparation,  keep  the  niuBcle  and  lower  half  of  the  nerve  just  moist 
vith  tap-water  saline,  but  allow  the  upper  half  of  the  nerve  to  drj. 
As  the  nerve  begins  to  dry,  irregular  contractions  of  the  muscle  come 
on  which  are  stopped  by  moistening  the  norve ;  showing  that  loss  of 
water  acta  as  a  stimulus  to  nerve.  If  the  drying  is  allowed  to  continue, 
the  dry  portion  loses  its  irritability  and  dies. 

Now  place  upon  the  muscle  a  few  crystals  of  NaCl ;  irregular  con- 
tractions will  soon  appear.  '  These  are  partly  due  to  the  abstraction 
of  water,  hut  also,  as  we  shall  sea  in  the  next  experiments,  to  the 
stimulatory  effect  of  NaCI. 

The  above  experiments  show  that,  in  order  to  keep  muscles  and 
nerves  irritable  and  in  good  condition,  they  must  be  moistened  with 
a  fluid  which  will  neither  give  up  nor  abstract  water  from  the  tissue, 
ie.  which  is  isotonic  with  the  animal's  lymph.  For  this  purpose  a 
•7  per  cent,  solution  of  NaCl  in  distilled  wuter  has  frequently  been 
used.  This  solution,  although  isotonic  with  frog's  blood,  does  not 
contain  the  calcium  and  potassium  salts  found  in  blood-plasma  and 
lymph ;  and  the  question  arises  whether  this  alteration  of  the  ions 
in  solution  affects  in  any  way  the  properties  of  muscle. 

In  order  to  investigate  this  point,  prepare  two  sartorius  prepu^rations 
with  their  bony  attachments  and  without  injury  to  their  muscular 
fibres.  Place  one  muscle  in  Biedormann'a  solution  ('5  grms.  NaCl, 
•2  grms.  HajHPO^  2-04  grms.  NajCOj  in  100  c.c.  distilled  water), 
and  the  other  in  7  per  cent.  NaCl  in  distilled  water. 

The  muscle  in  Biedermann's  solution,  especially  if  the  solution  be 
oool  (3" — 10°  C.),  will  after  a  shorter  or  longer  interval  begin  to  show 
fibrillary  twitches  and  may  even  contract  regularly  and  rhythrnically 
as  a  whole.  As  soon  as  the  result  has  been  obtained,  transfer  the 
muscle  to  a  solution  made  by  adding  to  100  c.c.  of  '7  per  cent.  NaCl 
solution  in  distilled  water,  10  cc.  of  a  saturated  solution  of  CaSO,, 
or  of  a  10  per  cent,  solution  of  CaCl,  in  distilled  water.  The 
apontaneouB  contractions  will  soon  cease. 

The  other  muscle  placed  in  the  pure  NaCl  solution  may  remain 
quiescent;  very  often  it  will  show  fibrillary  twitchings  and  irregular 
contractions,  which  are  rapidly  stopped  by  transferring  the  muscle 
to  the  solution  containing  a  calcium  salt  as  well  as  NaCl.  Should  the 
muscle,  however,  remain  perfectly  quiescent'  it  can  still  be  shown 
that  it  is  no  longer  in  a  perfectly  normal  condition.  After  it  has 
remained  in  the  solution  for  half  an  hour,  remove  it  and  connect  it 

*  Frog's  miiscla  diflen  umewhat  in  ita  behaviour  in  any  given  aolntion  accnrit- 
Ing  to  the  time  of  year,  there  being  s  marked  diOeroDce  between  tnuacle  in  tbe 
•ninmn  and  spring. 
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Co  a  rayo^^raph  lever  and  ElimulHte  it  with  a  single  maximal  bratk 
shotk.  The  contraction  recorded  on  the  drum  will  be  no  longer  an 
ordinary  single  contraction,  but  a  series  of  tetiinic  twitches  of  abnonn.il 
height  and  duration.  Now  remove  the  muscle,  immerse  it  for  ten 
minutes  in  the  solution  containing  the  .iddod  calcium  salt,  and  again 
record  its  response  to  the  same  stimulus.  A  normal  single  contractioTi 
will  be  obtainctl.  It  is  clear  that  sotlium  salts,  when  acting  aloiio  on 
skeletal  muscle,  have  a  powerful  stimulatory  effect,  and  that  this  can  be 
neutralised  by  adding  a  certain  proportion  of  calcium  salt.  For  this 
reason  'normal'  saline  solution  is  always  made  with  ta|>-water  instead 
of  with  distilled  water.  Some  tap-waters,  however,  do  not  contain 
nearly  enough  calcium  to  bring  about  comptute  neutralisation  of  the 
sodium  salt. 

From  the  above  ex|>erinicnts  wo  learn  certain  facts  of  considerable 
practical  importance.  We  see  that  tisanes  are  greatly  affected  by 
changes  in  tbe-osmotlc  pressure  of  the  Huid  surrounding  them.  Care 
raiist  therefore  be  taken  not  to  expose  the  tissues  of  an  animal  or  man 
to  fluids  which  are  not  isotonic  with  the  blood-plus m.A.  In  man  the 
solution  of  NaCI  isotonic  with  the  blood-plasma  is  only  just  under  1  per 
cent.,  and  therefore  differs  widely  in  strength  from  the  solution  for  a 
frog ;  it  is  very  necessary  to  bear  this  in  mind  when  injecting  fluid  into 
veins  or  under  the  skin,  and  when  irrigating  the  peritoneal  cavity 
during  operations.  We  further  see  that,  when  isotonic  solutions  of 
electrolytes  are  used,  the  tissues  are  by  no  means  indifferent  to  the  ions 
in  solution.  A  really  'normal'  saline  solution  would,  therefore,  be  one 
which  contained  the  same  suits  in  the  same  proportion  as  the  animal's 
own  blood-plasma.  Ringer's'  fluid  is  an  attempt  to  make  such  a  solu- 
tion for  the  frog.  Since  in  man  it  would  often  be  difticult  to  obtain  such 
a  solution  when  wanted,  it  might  be  preferable,  instead  of  using  an 
imperfectly  'normal'  saline  solution,  to  use  an  isotonic  solution  of  a 
n  on  conductor,  such  as  dextrose.  A  58  per  cent,  solution  of  dextrose 
is  isotonic  with  human  blood-plasma. 

In  all  the  a>iove  ex|icriments  it  has  been  found  that  skeletal  muscle 
resjMjuds  to  the  abnormal  constjint  stimulus  by  an  activity  which  is  not 
constant,  but  intermittent  or  rhythmical.  This  raises  the  question 
whether  the  rhythmical  contraction  of  the  hcjirt  may  not  be  the  normal 
response  of  that  particular  kind  of  muscle  to  the  constant  chemical 
stimulus  of  the  blood-plasma,  and  the  same  might  be  also  partly  true  of 
the  rhythmical  activity  of  the  respiratory  and  vasomotor  centres. 

■A  modified  Ringer'n  solution  contains  NnCl  '7  per  cent,  CaCl,  -0026  per  cant., 

and  KCl  -035  per  cent. 
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CHAPTER  XVI.  (Advavccd). 

FATIGUE  OF  A  VOLUNTARY  MOVEMENT  AND  OF  A  MDRCLE- 
NEBVB  PEEPAEATION  WITH  ITS  CIRCULATION  INTACT. 

When  a  voluntary  movement  is  repeated  sufficiently  often  fatigue  is 
produced.  The  seat  of  this  fatigue  has  to  be  investigated ;  it  might  be 
in  Borae  p»rt  of  a  neurone  in  the  central  nervous  system,  or  in  some 
part  of  the  peripheral  nerve  and  muscle :  in  other  words,  the  fatigue 
might  be  primarily  central  or  peripheral.  As  the  result  of  certain 
ergograpbic  experiments  it  has  been  answered  that  this  fuliguo  is  of 
central  origin.  The  experiments  consisted  in  iJfLing  a  heavy  weight 
suspended  over  a  pulley  by  flexing  a  finger  and  registering  the  height 
of  each  successive  lift.  When  the  movement  had  been  repeated  until 
the  muscle  was  no  longer  able  to  lift  the  weight  at  all,  it  was  found  that 
electrical  stimulation  of  either  the  uerve  supplying  the  muscle  or  of  the 
muscle  itself  caused  the  weight  to  be  again  lirtc<l,  but  to  a  less  height 
than  before.  When  the  electrical  stimulation  had  in  turn  futigued  the 
movement  it  was  found  that  a  voluntary  contraciion  of  the  mustle  was 
again  able  to  lift  the  weight,  owing,  it  was  supposed,  to  the  resting 
of  the  cells  in  the  central  nervous  system.  From  these  experiments 
it  was  argued  that  the  fatigue  of  a  voluntary  movement  is  purely 
central. 

The  methods  used  in  the  above  experiments  are  open  to  grave 
objections,  and  it  is  necessary  to  touch  upon  some  of  these  in  order  to 
avoid  them.  The  use  of  a  heavy  weight  is  open  to  the  objection  that 
the  muscle,  when  no  longer  able  to  lift  that  weight,  is  still  capable  of 
contracting,  and  could  well  Hfl  a  lighter  weight ;  therefore,  it  is  bettor 
to  make  the  muscle  bend  or  pull  on  a  spring,  which  will  enable  the 
feeblest  as  well  as  the  strongest  pull  exerted  by  the  muscle  to  be 
recorded.  Again,  electrical  stimulation  of  a  nerve  or  a  muscle  can 
be  a  much  more  powerful  stimulus  than  that  resulting  from  the  maximal 
discharge  of  a  motor  nerve-eell ;  consequently  the  fact  that  peripheral 
stimulation  can  make  the  muscle  again  lifl  the  weight  after  voluntary 
impulses  fail,  is  no  proof  that  the  fatigue  was  central.  Further,  when  a 
nerve  or  muscle  ia  stimulated  by  electrodes  placed  upon  the  skin,  it  is 
impossible  to  produce  equal  stimulation  of  all  fibres;  some  muscle-fibres 
will  receive  a  maximal  and  others  only  a  sub-maximal  or  minimal 
BtimuluB,  and  the  pull  of  the  muscle  as  a  whole  will  be  equivalent  to 
that  of  a  weaker  muscle.  When  the  muscle  appears  to  be  fatigued  by 
peripheral  stimulation,  then  a  return  to  voUtional  stimulation,  by  pro- 
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during  equal  stimulation  of  every  fibre,  leads  to  an  apparent  recovery 
of  voluntary  power.  In  this  way  is  to  be  explained  the  apparent 
paradox,  that  a  muscle  fatigued  by  either  voluntary  or  peripheral 
stimulation  shows  a  recovery  of  power  when  stimulated  in  the  opposite 
way. 

In  order  to  investigate  this  subject  wa  shall  compare  the  curve  of 
voluntary  fatigue  taken  with  a  spring  ergograph  from  the  human 
abductor  indicia,  with  the  curve  obtained  from  the  frog's  gastrocnemius, 
with  its  circulation  intact  and  stimulated  through  the  sciatic  nerve. 

The  Spring  Ergograph. — A  simple  form  of  this  instniment  is  shown 
in  Fig.  66  to  consist  of  a  rigid  upright  iron  bar  which  is  clamped  to 


f      es.     Spring  ergu^.iJi.    (F' 


the  table.  From  the  upper  end  of  this  projects  a  horizontal  straight 
Btecl  spring,  the  free  end  of  which  carries  an  ordinary  writing  point. 
The  spring  carries  on  its  under  side  a  short  vertical  steel  arm,  the  lower 
end  of  which  fits  over  the  distal  end  of  the  second  phalanx  of  the  index 
finger.  When  the  abductor  indicia  contracts  the  spring  is  pushed  up ; 
by  sliding  the  vertical  arm  along  the  spring  the  magnification  of  the 
movement  and  the  strength  of  the  spring  can  be  altered.  The  hand  is 
placed  along  the  vcitical  side  of  the  wooden  support  and  the  three 
outer  fingers  tied  to  it,  leaving  the  thumb  and  index  finger  free.  The 
forearm  should  be  fixed  to  the  bench  in  some  form  of  support,  but  care 
must  be  taken  not  to  tie  down  the  arm  sufficiently  tightly  to  interfere 
with  its  circulation. 

The  subject  of  the  experiment  should  ait  comfortably  and  with  his 
eyes  shut,  should  not  be  spoken  to  nor  in  any  way  have  his  attention 
diverted,  but  should  confine  himself  to  giving  a  maximal  contraction  of 
his  muscb  every  time  he  hears  the  beat  of  a  metronome,  which 
is  set  to  give  a  beat  every  second.  The  observer  takes  the  time 
of  the  experiment  in  minutes  and  so  calculates  the  number  of  contrac- 
tions recorded,  further  he  has  to  see  that  the  vertical  arm  does  not  slip 
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ont  of  position  along  the  finger.  In  this  way  take  300  to  600  oon- 
tnctiona  on  a  drum  revolving  at  an  extremely  low  rale  (Fig.  67), 

At  first  sight  the  most  striking  feature  of  the  curve  is  the  more  or 
less  rhythmical  waxing  and  waning  in  the  height  of  the  contractiona ; 
this  seems  to  be  purely  central  in  origin  and  to  be  due  to  variations  in 
the  strength  of  the  voluntary  impulse  communicated  to  the  muscle. 
Practice  to  a  lai^  extent  does  away  with  this  rhythm.  When  the 
height  of  the  contraction  is  measured  it  will  be  found  that  the  average 
height  decreases  during  the  first  1 80  contractions  and  then  attains  a 
fairly  constant  level,  which  represents  about  85  per  cent,  of  the  height 
of  the  orij|;inal  contractions.  The  initial  decrease  is  better  marknd  in 
Fig.  68,  and  here  the  fatigue-level  was  only  about  45  per  cent,  of  the 
original  height  The  characteristics  of  an  ergographic  fatigue-carve, 
therefore,  are  an  initial  fall  which  takes  place  during  a  variable  number 
of  contractions,  and  the  attainment  of  a  Ikirly  constant  level,  which 
represents  varying  percentages  of  the  height  of  the  original  con- 
tractiona This  curve  strongly  suggests  that  ilnring  a  series  of  con- 
tractions  two  processes  are  at  work ;  one  by  which  available  combustible 
material  is  being  need  up  und  the  products  of  katabolism  are  accumu- 
lating, and  the  other  by  which  both  these  defects  are  made  good  by  the 
eirculation.  During  the  cariy  part  of  the  curve  the  first  process 
preponderates  over  the  second  and  the  height  of  the  contraction 
decreases,  but  as  soon  as  the  two  processes  exactly  balance  each  other 
a  uniform  level  is  maintained  for  hundreds  of  contractions.  The 
probable  seat  of  these  processes  will  be  referred  to  after  the  next 
experiment  has  been  performed. 

In  order  to  obtain  a  record  of  the  contractions  of  the  gastrocnemius 
with  its  circulation  intact,  arrange  the  apparatus  for  stimulating  the 
sciatic  nerve  with  maximal  induction  shocks,  using  a  simple  key  in  the 
primary  circuit.  The  cerebrum  of  the  frog  must  be  destroyed  and  the 
muscle-nerve  preparation  made  without  causing  bleeding.  The  cerebral 
hemispheres  are  destroyed  by  compression,  leaving  the  medulla  and  spinal 
cord  intact,  and  the  gastrocnemius  is  prepared  in  the  usual  way.  A  string 
ligature  is  placed  beneath  the  gastrocnemius  and  tied  tightly  round  the 
apper  part  of  the  tibio  fibula  and  the  remaining  muscles ;  the  leg  is 
then  cut  through  below  the  ligature.  The  whole  frog  is  placed  belly 
downwards  on  the  myograph-board,  a  strong  pin  is  pushed  through  the 
lower  end  of  the  femur  and  driven  firmly  inUi  the  cork.  A  piece  of 
moistened  flannel  is  then  pinned  down  over  the  trunk  to  prevent  the 
oontractioDS  of  the  muscles  of  the  trunk  from  disturbing  the  lever 
connected  with  gastrocnemius.  The  skin  over  the  middle  of  the  thigh 
is  divided  longitudinally  for  a  short  distance,  the  muscles  carefully 
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ae[Niraled  anH  the  sciatic  nerve  exposed  *nd  fracd  ;  the  nerve  H  gently 
raised  by  slipping  a  thre^id  beneath  it  and   the  electrodes,  insuUted 
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from  the  underlying  miiBcIea  by  a  umall  piece  of  corV,  are  placed  beneath 
ihe  nerve.      It  is  eseential  that  the  nerve  ehould  not  bo  injured  and 


sboulil  be  liept  properly  moistened  throughout  the  experiment.     The 
muscle  is  Buitably   weighted   and  just  after-loaded.     The  nerve 
stimulated  by  a  maximal  shock  every  S  sees.,  and  the  contractjoni 
recorded  on  a  drum  revolving  at  the  slowest  possible  rate  (Figs.  69,  70). 
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It  will  be  soon  that  the  height  of  the  contractions,  although  increasing 
at  first,  gradually  falls  off  until  at  the  end  of  about  200  contractions  it 
reaches  a  uniform  level,  which  represents  about  85  per  cent,  of  the 
original  height  and  was  then  maintained  with  scarcely  any  alteration 
for  three-quarters  of  an  hour.  This  curve,  therefore,  is  identical  in 
general  form  with  that  obtained  by  the  ergograph.  Here  again  we  see 
an  initial  &11  and  then  a  constant  level  of  contraction,  representing 
probably  the  equilibrium  between  two  opposite  jirocecses,  which  must 
in  this  case  be  affecting  some  part  of  tho  peripheral  nerve  and  muscle. 
The  actual  scat  of  this  peripheral  change  is  not  absolutely  certain  (see 
further  Kxptfl.  in  Chapter  XXII.). 

Now  cut  through  the  leg  in  the  middle  of  the  thigh,  so  as  to  destroy 
the  circulation  through  the  gastrocnemius  and  continue  the  stimulation 
(Fig.  71).  It  will  be  seen  that  the  height  of  the  contractions  rapidly 
and  continuously  decreases,  and  that  at  the  end  of  about  320  contrac- 
tions die  muscle  is  no  longer  able  to  lift  the  lever  off  the  after-loading 
screw. 


CHAPTER  XVII.  {Advanced). 
THE  RATE  OF  TRANSMISSION  OF  A  NERVOUS  IMFlfUJE. 

I'HB  rate  at  which  an  impulso  is  transmitted  along  a  nerve  is  importnnt 
because  it  throws  some  light  upon  the  nature  of  the  impulso.  It  travels 
much  more  slowly  th;in  an  ordinary  elictric  current,  and,  although  it  is 
accompanied  by  an  electric  change,  it  is  something  more  complex.  Its 
rate  of  propagation  is  27  metres  per  second  (88J  feet  per  sec.)  in  the 
frog's  sciatic  nerve,  and  60  metres  per  second  (196  feet  per  sec.)  in 
the  motor  nerves  of  man. 

(a)  la  the  Uotor  Nerves  of  the  Frog.— The  following  experiment 
should  be  performed  for  tho  determination  of  the  velocity  of  the  nervous 
impulse  in  the  sciatic  nerve  of  a  frog : 

A  recording  drum  is  arranged  with  a  'striker'  for  completing  the 
circuit  of  the  primary  current  of  the  induction-coil.  To  the  secondary 
coil  are  attached  two  Du  Bois  keys  in  the  manner  shown  in  the  diagram 
(Fig.  73) ;  from  these  pass  two  pairs  of  electrodes,  one  of  which  will  be 
applied  to  the  upper  portion  of  the  nerve,  the  other  to  the  lower 


idbyGoOgle 


ADVANCED  EXPERIMENTAL  PHVSIOLOOY  77 

portion.  The  entira  length  of  the  sciatic  nerve  is  dissected  out,  and 
the  gastrocnemius  muscle  is  connected  vith  the  lever  of  a  myograph ; 
the  drum  is  arranged  for  rapid  revolution,  and  a  maximal  shock  is  to  be 
used  for  excitation.  The  latency  of  the  muscular  contraction  (Chapter 
III.,  p.  22)  is  then  determined,  first  for  stimulation  by  the  upper  pair  of 
electrodes,  the  lower  pair  being  short-circuited  by  closure  of  its  Du  Bois 


key ;  then  the  experiment  is  made  with  the  lower  pair  of  electrodes  for 
the  exciting  point  The  time  of  this  latency  is  determined  by  recording 
underneath  the  curves  the  vibrations  of  a  tuning  fork  with  100  vibra- 
tions per  second ;  the  dilTcrence  in  time  between  the  moment  of 
stimulation  and  the  resulting  contraction  in  the  two  cases  represents 
the  time  taken  for  the  nervous  impulse  to  pass  along  the  length  of  nerve 
between  the  two  pairs  of  electrodes  (Fig.  73).  This  piece  of  nerve  is 
measured  in  millimetres,'  and  then  the  velocity  of  the  transmission  of 
the  nervous  impulse  ia  calculated. 

For  the  accurate  d  etc rnii nation  of  the  rate  of  propagation  of  a  nervous 
impolse  a  very  rapid  rate  of  movement  of  the  recording  surface  is 
required ;  for  this  reason  the  epring-myograph  (Fig.  63,  p.  65)  or  the 
pendulum-myograph  may  be  used  with  advantage  in  the  place  of  the 
drum. 

(b)  In  the  Motor  Nems  of  Han. — The  velocity  of  the  transmission 
of  a  nervous  impulse  in  the  motor  nerves  of  man  can  be  determined  in 
the  following  way;  A  thick-walled  india-rubber  ball,  similar  to  that 
used  with  a  photographic  'shutter,'  is  connected  with  a  recording 
ttunbour.  Two  clinical  electrodes  are  moistened  with  strong  saline 
solution  in  order  to  improve  their  conduction  and  contact  with  the  skin; 
the  large  flat  electrode  is  fastened  to  the  leg  of  the  subject,  and  the 
small  electrode  placed  above  the  clavicle  will  be  pressed  over  the 
brachial  nerves.  These  electrodes  are  connected  with  the  secondary 
*  Thera  It  >  millimetre  acalo  upon  the  ilida  of  the  iadnction-coiL 
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coil  of  an  inductorium,  and  in  the  primary  circuit  is  interposed  the 
'trigger'  key  of  the  spring-myograph. 

The  india-rubber  ball  is  held  between  the  middle  finger  and  the 
thumb,  and  the  contraction  of  the  flexor  muscles  will  be  recorded  by 
the  lever  of  the  tambour,  when  the  nerve  is  excited.  The  moment  of 
Btimulation  is  determined  in  the  usual  way  (p.  25),  and  then  the  experi- 
ment is  again  performed,  but  with  the  small  electrode  pressed  over  the 
median  norve  at  the  bend  of  the  elbow.  The  moment  of  stimulation  is 
again  determined,  in  order  to  show  that  the  resting  position  of  the 
point  of  the  lever  has  not  been  changed.  The  difference  between  the 
latency  in  the  two  contractions  is  measured  by  a  tuning-fork  vibrating 
100  times  per  second,  and  the  length  of  nerve  between  the  two  points 
of  stimulation  is  estimated ;  From  these  data  the  rate  of  transmission  of 
the  nervous  impulse  can  be  calculated. 


CHAPTER   XVm.  (AdvaiKcd). 

THE  POLARISATION  OF  ELECTRODES  AND  UNFOLARISABLE 
ELECTKODE& 

Polarisation  of  Electrodes.— Ordinary  metal  electrodes  in  contact 
with  a  muscle  or  nerve  will  be  surrounded  by  lymph,  and  in  this  fluid 
electrolysis  will  take  place  during  the  passage  of  an  electric  current. 
The  ions  resulting  from  this  electrolysis  will  be  positiic  and  negative 
respectively ;  if,  therefore,  the  circuit  of  this  seat  of  chemical  and 
electrical  change  be  suddenly  made  or  broken,  a  shock  will  be  produced, 
for  the  wires  of  the  electrodes  surrounded  by  the  electrolysed  fluid  will 
form  a  minute  battery.  This  can  be  demonstrated  by  the  following 
experiment :  A  pair  of  electrodes,  connected  with  a  Du  Bois  key,  is 
placed  under  the  sciatic  nerve,  which  has  been  exposed  in  the  thigh  of 
a  pilhed  frog.  Making  or  breaking  the  circuit  causes  no  contraction. 
The  two  wires  of  a  Daniell  battery  are  connected  with  each  side  of  the 
Du  Bois  key,  and  the  current  is  allowed  to  pass  through  the  nerve  for 
several  seconds.  Then  these  two  wires  are  rapidly  disconnected  from 
the  battery  and  key ;  the  key  is  closed  and  opened,  and  each  time 
a  contraction  of  the  muscles  of  the  leg  is  caused.  This  make  and  break 
can  be  repeated  several  times  with  a  similar  result,  until  the  polarisation 
has  disappeared. 

1  his  experiment  shows  the  necessity  of  unpolarisable  electrodes  in 
experiments  upon  the  eff'ecte  produced  in  nerve  and  muscle  by  the 
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passage  of  a  constant  electric  current,  and  also  the  necesaity  of  using  a 
Du  Bois  key  as  a  bridge  to  BhortK^irtiuit  the  electrodes. 

Dnpolarisable  Electrodes. ^The  preceding  experiment  has  aliown  that 
the  electrolysis  occurring  around  the  ordinary  metal  electroiles  may 
easily  act  as  an  exciting  electric  current,  and  thus  cause  errors  in 
experiments.  In  order  to  avoid  this  unpolarisable  electrodes  are  used. 
The  electric  current  from  the  battery  is  conducted  through  media  which 
are  not  liable  to  polarisation. 

The  structure  of  K  union -Sanderson's  electrodes  is  shown  in  the 
following  diagram  [Fig.  74).  A  smooth  amalgamated  aino  rod  dips 
into  a  saturated  solution  of  zinc 
sulphate,  which  in  turn  conducts 
the  current  by  means  of  a  plug 
kaolin  or  china  clay,  made  into  a 
thick  paste  with  normal  saline  solU' 
tion  ('75  per  cent  sodium  chloride). 
The  plug  rests  upon  a  small  glass 
tube  with  a  Hange;  this  delays  the 
spread  of  the  zinc  sulphate  into  the 
kaolin.  The  nerve  or  muscle  can 
be  placed  in  contact  with  the  plug 
of  kaolin,  or  may  be  connected 
thereto  by  threads  saturated  with  normal  saline  solution  and  kaolin. 
The  plug  must  bo  kept  moist  with  normal  saline  solution,  for  the 
electrodes  have  a  high  resistance. 

The  electrodes  must  bo  set  up  with  clean  hands  and  material,  other- 
wise polaris-ition  will  occur.  The  solution  of  zinc  sulphate  must  not  be 
allowed  to  touch  the  tissue,  for  chemical  excitation  would  occur. 
Kaolin  and  normal  saline  solution  do  not  stimulate  muscle  and  nerva 

The  previous  experiment  on  the  polarisation  of  electrodes  should  be 
repeated  with  the  unpolarisable  electrodes.  The  result  will  be  negative 
if  the  electrodes  have  been  well  and  truly  made. 


CIIAPTEi:    XIX.  (AdvaiKal). 
TRANSMISSION   OF   A   NKRVOUS   IMPULSE   IN   BOTH   DIRECTIONS. 

Tbk  excitatory  state  produced  by  stimulation  of  a  nerve  can  be 
transmitted  in  both  directions.  This  can  be  shown  by  the  following 
experiments. 

SartorioB  Experiment. —The  sartorius  muscle  is  dissected  out  and  ita 
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iliao  end  ig  divided  into  two  portiofu  (Fig.  76).  StiinaUtion  with  a 
WMk  induction  shock  at  (a)  or  (a'),  when  there  en  no  DeiT»£brai,  will 
prwiuM  a  coHtraotion  of  the  one  half  <rf  the  mnacle.  Exettetion,  how- 
ever, at  (ft)  or  (6"),  where  there  are  nerves,  will  evoke  a  oontraction  of 
Uith  halves 

OTMiUa  Kxperimant.— The  graoiiie  muacle  of  the  frog  is  in  two  por- 
tiona  winiiiletely  separated  by  a  tendinous  int«r8ectiaa  (Figs.  21,  76). 
Itiilh  halves  of  the  muscle  are  supplied  hy  a  single  nerve,  the  individual 
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tiUnv  ii(  which  divido  mid  supply  both  halves  of  the  muscle.  Stimula- 
tjiiri  iif  any  kind  nt  (n)  or  (ii)  where  there  are  no  nervefibres  causes 
only  (li<<  i<i  I  rn<<i|  Minding:  hiilf  of  the  muscle  to  contract;  but  excitation  at 
{h)  or  (A),  wlivri'  lht<  ucrvt's  tiis  will  cause  both  halves  to  contract 


CUAITKIt  XX.  (A<lm«cei). 
TIIK  UKLATIDN  IlK-rWKKN  MUW^I.K  ANll  NRRVE.     THB 

inhki'Knuknt  kxcitahilitv  of  muscle. 

In   addition  to  the  ex|H'rininntii  which   have  been  described  in  the 
ploniiiiiUiry   ontirse  (|Mxn  4t*),   the   following  experiment   upon  the 
•artnrius  nuistOo  should  Iw  {Mrfomiod. 
Tlxi  savlorius  uaisrio  liits  on  the  ventral  surface  of  the  thigh  (Fig.  21), 
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and  its  outlines  can  be  made  distinct  by  sponging  it  with  the  frog's 
heart  full  of  hlood.  The  muscle  ia  carefully  dissected  out  and  will 
contract  when  its  nerve,  which  passes  into  the  muscle 
at  the  middle  of  ita  inner  border,  is  cut  across  by  the 
scissors.  ]f  the  muscle  be  placed  between  two  glasa- 
slidea  and  examined  under  a  microscope,  the  distribu- 
tion of  its  ner\e  can  bo  seen  to  resemble  that  shown 
in  the  diagram  (Fig.  77).  The  finer  branches  of  the 
nerves  and  even  the  end  plates  can  be  more  readily 
seen  if  the  muscle  bo  treated  with  acetic  ivcid.  There 
are  no  nerves  in  the  terminal  portions  of  this  muscle, 
which  coTisists  of  fibres  running  in  a  direction  parallel 
with  its  length. 

The  sartorius  muscle  is  dissected  from  the  other 
thigh  and  the  nerveless  parte  are  stimulated  by  a  pinch 
with  a  pair  of  forceps  or  by  an  electrical  shock ;  they 
contract,  the  muscle  possesses  independent  excitability. 

The  absence  of  nerves  from  the  terminal  portions      "' 

can  also  be  shown  in  the  following  way.  The  muscle  la  suspended 
from  it«  tibial  end  and  is  lowered  until  the  cut  iliac  end  touches  some 
strong  glycerine  contained  in  a  watch-glass ;  it  does  not  contract  A 
thin  transverse  slice  is  cut  away  and  the  muscle  ia  again  lowered  into 
contact  with  the  glycerine ;  there  is  still  no  contraction.  This  pro- 
cedure is  repeated  until  the  nerves  are  cut  across  and  on  contact  with 
the  glycerine  are  stimulated  and  make  the  muscle  pass  into  a  contracted 
condition. 


CHAPTER  XXI.  iAilninced). 


Thk  passage  of  a  constant  current  pi-orluces  changes  in  the  excitability 
of  nerve,  at  the  anode  there  is  a  condition  known  as  anelectrotonus, 
the  excitability  is  diminished  ;  at  the  kathode  there  is  an  increase  in 
excitability,  a  state  of  katelectrotDiiiis.  The  conductivity  is  also 
affected,  there  is  a  fall  in  both  the  anodic  and  kathodic  regions. 
These  efTects  can  be  shown  by  the  following  experiment. 
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One  Daniell  battery  is  connected  by  two  wires  with  a  Pohl'a  rareraer 
whereby  the  direction  of  the  current  can  be  changed ;  from  the 
TOverser  the  wires  pass  by  moans  of  a  Du  Bois  key  to  a  pair  of 
anpolarisable  electrodes.  This  is  the  polarising  circuit.  The  stima- 
lating  cii-cuit  is  set  up  separately  for  the  production  of  single  induction- 
shocks  (Fig.  78).  A  preparation  of  the  sciatic  nerve  and  gaatrocnemius 
muscle  is  carefully  made  from  a  recently  pithod  ftog,  and  is  placed  in 
a  moist  chamber ;  a  pin  is  fixed  through  the  lower  extremity  of  the 
femur,  and  the  tendo  Achillis  is  connected  by  a  thread  with  a  lever. 
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The  sciatic  nerve  is  placed  across  the  kaolin  plugs  of  the  unpolarisable 
electrodes.  The  drum  can  be  moved  by  hand.  A  minimal  stimulus 
for  the  nerve  is  obtained,  care  being  taken  to  use  only  the  break  or 
make-shock.  The  minimal  contraction  is  recorded  on  the  stationary 
drum. 

The  current  from  the  polarising  circuit  is  closed  in  an  ascending 
direction,  so  thst  the  current  enters  the  nerve  on  the  side  near  the 
muscle  and  immediately  above  the  stimulating  electrodes,  which  are 
connected  with  the  inductorium.  The  nerve  around  the  point  of  entry 
or  anode  of  the  ix>larising  current  is  depressed  in  its  excitability,  and 
the  application  of  a  minimal,  or  even  stronger,  stimulus  is  no  longer 
effective  {Fig.  79).  The  polarising  current  is  short-circuited  by  the 
Du  Bois  key,  and  by  means  of  the  rererser  is  changed  in  its  direction, 
so  that  on  opening  the  Dn  Bois  key  the  current  is  descending,  and  the 
area  of  nerve  near  the  stimulating  electrodes  passes  into  a  condition  of 
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The  effect  of  the  constant  current  upon  the  conductivity  of  the  nerve 
ii  determined  upon  the  ume  preparation.  The  stimulating  electrodea 
are  placod  upon  the  central  part  of  the  nerve ;  &  minimal  stimului 
is  found,  and  its  effect  is  recorded  upon  the  stationary  dnim.  The 
polarising  circuit  ia  now  closed  through  the  nerve  in  either  the 
aacending  or  descending  direction,  and  then  the  minimal  stimulus  is 
again  applied.  It  is  no  longer  effective  owing  to  the  decrease  in  the 
conductivity  of  the  nerve.  This  change  in  the  conductivity  of  nerve 
is  also  shown  in  the  experiment  upon  the  absence  of  faUgue  in  a 
stimulated  nerve  (Chapter  XXll ) 


CHAPTER  XXir.  {Adranred). 

THE  ABSENCE  OF  FATIGUE  IN  A  STIMULATED  NERVB. 

Nkrves  are  not  subject  to  fatigue,  even  if  they  be  repeatedly  stimulated 
for  long  periods  of  time.  The  following  experiment  not  only  demon- 
strat«s  this  fact,  but  at  the  same  time  shows  that  the  passage  of  a 
constant  electrical  current  through  a  portion  of  a  nerve  blocks  the 
transmission  of  the  excitatory  state  which  is  produced  in  the  nerve  by 
a  stimulus  applied  above  the  polarising  electrodes  (page  86). 

An  induction  coil  is  arranged  for  foradic  shocks,  and  a  pair  of  un- 
polarisable  electrodes  are  connected  by  a  Du  Bois  key  with  a  Daniel! 
cell.  The  two  sciatic  nerves  of  a  pithed  frog  are  dissected  up  to  their 
points  of  exit  from  the  vertebral  column,  which  is  then  out  across  above 
the  nerves.  The  thighs  are  cut  away  above  the  knee,  and  the  two  l^p 
with  their  nerves  are  placed  in  a  moist  chamber,  and  are  fixed  by  pins 
pushed  through  the  lower  extremities  of  the  femora.  The  stimulating 
electrodes,  which  are  connected  with  the  secondary  coil  by  means  of  a 
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Du  Bois  key,  are  placed  under  both  sciatic  nerves ;  the  unpoUrisable 
electrodes  are  placed  under  one  eciatic  nerve  midvay  between  the 
muscle  and  the  stimulating  electrodes.  The  induction  shocks  are  now 
allowed  to  pass  through  both  nerves  for  a  few  seconds ;  the  muscles  of 
both  legs  are  thrown  Into  tetaauB.  The  atimuladon  is  stopped  and 
the  polarising  current  is  passed  through  the  one  sciatic  nerve.  The 
faradisation  of  both  nerves  is  again  commenced ;  the  muscle  in  the 
one  case  will  be  sent  into  tetanus  and  quickly  fatigued,  but  the  other 
muscle  shows  no  c<mtraction,  for  the  polarising  current  passing 
through  its  nerve  blocks  the  passage  of  the  nervous  impulses  evoked 
by  the  stimulating  electrodes.  When  the  first  muscle  is  fatigued  the 
polarising  current  should  be  broken ;  the  block  is  removed  from  the 
course  of  tbe  sciatic  nerve  of  the  Other  muscle,  which  is  at  once 
tetanised  by  tbe  stimulation  of  its  nerve. 


CHAPTEK  XXIII.  (Advanced). 

THR  ELECTROMOTIVE  PROPERTIES  OF  MUSCLE  AHD  NERVE. 

Three  simple  experiments  upon  the  electromotive  properties  of 
muscle  have  already  been  described  (page  51).  The  following  ex- 
periments require  more  care  and  very  excitable  tissues. 

Secondary  Twitch  ftom  the  Heart.— If  a  freshly  prepared  and  very 
excitable  nerve  be  laid  upon  the  heart  of  a  frog,'  so  that  the  cut  end 
of  the  nerve  is  on  the  base  and  the  longitudinal  surface  upon  the 
apex  of  the  ventricle,  a  twitch  of  the  muscle  connected  with  the  nerve 
is  observed  at  each  contraction  of  the  ventricle.  Each  time  the 
muscle-fibres  of  the  ventricle  contract,  a  "cvrreni  of  action"  is  pro- 
duced and  stimulates  the  nerve 

A  fine  glass  rod  should  be  placed  under  tbe  middle  portion  of  the 

'For  these  preparations  the  frogs  shuuld  have  heen  kept  cold  fur  some  time 
before  the  eiperiment. 
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length  of  riervo,  which  lies  on  the  ventricle,  eo  that  the  current  may 
not  lie  short  circuiteii. 


BulmUou  of  ft  muiolflby  the 


SUmnUtioii  of  a  Hnscle  bf  the  "Onirent  of  Action"  of  ftnothsr 
Knacle. — The  sartorius  muscle  is  very  carefully  dissected  on  each 
side,  and  then  the  one  muBclc  is  placed  overlapping  the  others  the 
contact  of  the  two  muBcles  ie  secured  by  gentle  pressure  with  two 
pieces  of  cork  (Fig.  84).  Stimutalion  of  one  nmscle  will  produce 
a  contraction  in  both;  the  "airrent  of  actum"  in  the  first  stimulates 
the  second  lauscle. 


o.  83.— DUifnni  ul  thi 


Stimulation  of  a  Nerve  by  its  own  "Ourrent  of  Isjnry." — Two 
plugs  of  kaolin  moistened  with  normal  saline  solution  are  placed  upon 
a  piece  of  glass,  and  the  tails  of  the  plugs  are  made  to  hang  over 
the  edge  (Fig.  85).  The  sciatic  nerve  of  a  pithed  frog '  is  carefully 
dissected  down  U>  the  knee,  the  thigh  is  cut  across,  but  the  leg  and 
foot  are  left  intact.  The  nerve  is  so  placed  that  its  cut  surface  is 
upon  one  plug  and  its  longitudinal  surface  upon  the  other  plug.  A 
watch-glass  filled  with  strong  saline  solution,  which  is  a  good  con- 
ductor of  electricity,  is  suddenly  brought  in  contact  with  the  ends  of 
the  kaolin  plugs;  thus  the  circuit  is  suddenly  made  and  can  l>e 
suddenly  broken  by  the  removal  of  the  watchglass.  If  the  prepar- 
ation  be  very  excitable,   a  twitch  is  observed  at  each   make  and 

'  For  these  preparations  the  frogs  should  have  bccii  kept  cold  for  some  Urae 
before  the  uipuriuient. 
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break  of  the  circuit;  the  nerve  is  Btimulatcd  when  the  circuit  of  ita 
"cttrreTti  of  injury  "  ia  completed  or  broken. 


CHAPTEK   XXIV.  {.4dmved). 

THE  ELECTROMOTIVE  PBOPERTIfr:S  OF  MUSCLE  AND  NBRVK— 
CoNTiNUKD.  THE  GALVANOMETER  AND  THli  CAPILLARY 
ELECTROMETER. 

Demosstratiokr. — The  galvanometer  and  the  capillary  electro- 
meter are  delicate  iristrumenta  which  arc  easily  damaged ;  they  are 
employed  to  invoBtigate  the  electromotive  properties  of  muscle  and 
nerve.  The  Gseential  esporimente  upon  that  Eubjoct  have  already  been 
performed  by  means  of  the  so-called  "  rhcoscopic  frog."     In  this  course. 


therefore,  the  oxpcrimunts  with  the  galvanometer  and  the  capillnry 
electrometer  will  he  demonstrated  to  the  student  and  only  brief 
delaiU  will  here  be  given. 

The  GalTanometer  employed  in  these  experimenta  is  Kelvin's 
reflecting  galvanometer.  It  consists  of  a  suspended  system  of  miignets 
BO  arranged  as  to  make  the  system  nearly  "astatic";   the  magui^ts  are 
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Burrotimleil  by  coils  of  many  turns  of  li[ie  iiisulatod  wiro.  The  resiat- 
ance  is  high,  from  5000  to  20.000  ohms.  The  movenicntB  of  tho 
mirror  attached  to  the  magnets  ore  indicated  by  a  spot  of  light  upon 
the  scale. 

The  amount  of  current  sent  through  the  galvanometer  is  regulated 
hy  means  of  a  sliunt,  which  is  a  resistance  box  whereby  I'/jth,  tou^'ii  *>r 
To'oo'*'  °f  ^^*'  ^o'"'  current  can  he  sent  through  the  galvanometer 


The  electric  current  from  the  muscle  or  nerve  is  led  off  by  means  of 
unpolarisable  electrodes,  but  before  an  experiment  ia  performed  the 
electrodes  are  tested,  tor  in  most  cases  they  are  not  perfectly  iso- 
electric. Any  small  deflection  of  the  galvanometer  duo  to  this  cause  is 
compensated  by  a  graduated  current  from  a  standard  battery  sent 
through  the  galvanometer  in  the  opposite  direction. 

Perfectly  uninjured  muscle  and  nerve  are  iso-olectric,  but  they  are 
generally  slightly  damaged  during  the  process  of  dissection  and 
preparation.  The  deflection  due  to  this  curreat  of  ii^nry  or  demarcft- 
tion  cnirent  (wrongly  called  the  current  of  rest)  Is  measured  and  is 
then  increased  by  a  more  pronounced  injury  caused  by  touching  one 
end  of  the  muscle  with  a  hot  wire.  The  muscle  is  now  stimulated  by 
a  tetanising  current  applied  to  its  uninjured  end  ;  the  deflection  of  the 
galvanometer  is  in  the  reverse  direction,  due  to  the  cnirent  of  action 
(formerly  called  the  negative  variation)  which  is  produced  when  the 
muscle  contracts. 

The  current  of  injury  is,  as  Gotch  pointed  out,  to  be  considered  as  a 
local  current  of  action ;  around  the  injured  portion  the  tissue  is  in  a 
condition  of  excitation. 

Similar  experiments  are  demonstrated  upon  nerve. 

Lippmana's  Capillair  Electrometer. — This  instrument  is  a  delicate 
electrical  njanometer,  and  is  more  suitable  than  the  galvanometer  for 
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the  investigation  of  the  eluctromotive  properties  of  the  frog's  heart ; 
it  responds  to  very  rapid  changes  of  electrical  potential.  It  consists 
(Fig.  88)  of  a  glass  tube  C  drawn  out  at  one  end  to  a  fine  capillary 
tube;  this  is  filled  with  mercury  and  is  connected  with  a  pressure 
apparatus  by  the  rubber  tubing  liT.  The  capillary  tube  dips  into  a 
small  trough  filled  with  10  per  cent,  sulphuric  acid ;  tho  bottom  of  this 
vessel  is  covered  with  mercury  JH  in  order  to  provide  good  electrical 
oonduction  with  the  platinum  wire.  The  movements  of  the  column  of 
mercury  in  the  capillary  tube  are  observed  by  means  of  a  microscope 
fitted  with  a  micrometer  scale. 

The  passage  of  an  electrical  current  through  the 
capillary  tube  alters  the  surface  tension,  and  this 
alteration  causes  a  movement  of  the  mercury  in 
the  capillary  tube.  The  movement  of  the  column 
of  mercury  is  from  positive  to  negative,  and  the 
extent  of  the  movement  is  roughly  proportional  to 
the  difference  in  electrical  potential.  Based  upon 
these  facts  are  the  determination  of  the  direction 
of,  and  the  measurement  of  tho  electromotive  force 
of,  the  cuiTent  which  is  under  investigation. 

With  the  capillary  electrometer  the  ekeliomoCire 
propertia  of  t.'ie  ffoy's  heart  are  demonstrated.  The 
base  and  the  apex  of  the  ventricle  are  led  otT  by 
unpolarisable  eiectrodes  to  the  electrometer :  each 
time  the  heart  contracts  there  will  be  a  diaphasic 
variation,  the  contracted  portion  at  first  becomes  negative  and  then 
positive  to  the  uncontracted  paiL 


CIRCULATION. 

CHAPTER  XXV. 
THE  ANATOMY  OF  THE  FROG'S  HEART  AND  ITS  CONTRACTION. 
Anatomy  of  the  Frog'a  Heart. — The  cerebrum  can  be  dcsti-oyeil  by 
the  application  of  a  strong  pair  of  Spencer-Wells  forcefts  to  the  skull. 
The  medulla  oblongata  and  spinal  cord  are  left  intact,  so  that  the  vaso- 
motor control  continues  and  the  circulation  is  unimpaired.  The  frog  is 
pinned  on  the  corkplate  belly  uppermost.  The  skiu  over  the  abdomen 
is  pinched  up  and  slit  up  to  the  mouth.  The  abdominal  wall  is  then 
divided  slightly  to  one  side  of  tho  mid  line  to  avoid  cutting  the  antcriui 
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iTxlominnl  vein.  By  a  transverse  cut  the  xiphiaternum  is  divided  and 
the  jiinction  of  the  anterior  abduminal  vtin  willi  the  heart  prrBcrved, 
The  |H.-ctoral  girdle  ia  next  divided  in  the  middle  line.  The  inner 
blade  of  the  scissors  is  Vept  hard  against  the  8t«rniini  to  avoid  injuring 
the  heart  beneath.  The  divided  halves  of  the  pectoral  girdle  are  pulled 
widely  ai>art  The  heart  ia  now  seen  enclosed  in  n  thin  membrane — 
the  pericardium.  This  is  picked  up  with  forceps  and  slit  open.  A 
alcnder  band  of  connective  ti^ue — the  fraenum — connecta  the  posterior 
surface  of  the  heart  with  the  pericardium.  A  thread  is  passed  under 
the  fraenum  with  Une  pointed  forceps  and  tied.  The  fraenum  is  then 
divided  on  the  «ide  of  the  thread  remote  from  the  hcarL 


By  means  of  the  thread  the  heart  can  be  lifted  up  and  turned  over 
for  examination.  In  the  front  aspect  of  the  heart  a  single  blunt  pointed 
ventricle  is  seen  with  the  bulbus  arteriosus  and  the  two  auricles — the 
bulbua  ascends  over  the  ri<,'ht  auricle  from  right  to  left.  It  separates 
into  two  aorlae.  Each  aorta  ia  diviiled  by  longitudinal  septa  into  three 
chanuela  which  soon  separate  and  become  the  carotid,  the  aortic,  and  the 
piilmono-cutaneous  arches.'  The  auriculo- ventricular  groove  separates 
the  auricles  from  the  ventricle.  On  turning  the  heart  over  the  ainua 
venoBua    ia   seen,    and    the    white    crescentic    line    which    marks    the 

'  The  frog  reepireB  both  by  ekin  and  tun(^. 
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JDnctioii  of  the  sinus  with  the  right  auricle.  Entering  the  sinus  from 
below  is  a  Isi^  vein,  the  vena  cava  iuferior,  into  which  open  the 
hepatic  veins.  Above  there  enter  the  two  stnaller  superior  venae 
cavse.  These  are  seen  on  gently  displacing  the  auricles.  The  small 
pulmonary  veins  enter  the  left  auricle. 

The  Oontraction  of  the  Heart. — The  venae  cavae  and  sinus  beat  first, 
then  the  auricles,  and  lastly  the  ventricle  and  bulbus  arteriosus.  The 
blood  IB  returned  from  all  parts  of  the  body  to  the  sinus  venosus, 
vhenee  it  peases  to  the  right  anricle.  From  the  pulmonary  veins  the 
blood  passes  into  the  left  auricle.  The  two  auricles  aimuIUneously 
contract  and  expel  the  blood  into  the  ventricle.  The  two  blood  streams 
do  not  readily  mix  in  the  ventricle  owing  to  the  muscular  meshwork 
within  its  cavity.  When  the  ventricle  contracts  the  venous  hlood  on 
the  right  side  is  the  first  to  enter  the  bulbus  arteriosus.  It  is  directed 
by  a  spiral  valve  within  the  biilbHs  into  the  pu  I  mono-cutaneous  arteries. 
The  spiral  vah-e  is  then  driven  over  and  closes  the  orifice  of  the 
pulmono-cutaneous  arch,  and  the  blood  (partly  arterial  and  partly 
venous)  now  passes  into  the  systemic  or  carotid  arch.  The  resistance 
is  least  in  the  systemic  arch,  so  most  of  the  blood  at  first  takes  this 
pathway.  Finally,  as  the  pressure  increases  in  the  eysteiuic  arch,  the 
pure  blood  from  the  left  side  of  the  ventricle  is  expelled  into  the 
carotid  artery.  Between  the  auricles  and  ventricle  there  hangs  the 
auriculo- ventricular  valve.  The  bulbus  arteriosus  contains  two  sets  of 
pocket-shaped  valves  in  addition  to  the  longitudinal  spiral  valve. 

The  ventricle  becomes  smaller,  harder,  and  pale  in  colour  during 
systole,  as  the  blood  is  driven  out  of  the  muscular  sponge-work  of 
which  it  is  composed.  It  i-eddens  in  diastole.  Count  the  beats  [)er 
minute. 

The  Tisane  of  the  Heart  posaessen  Automatic  BhTthmic  Power.  — 
Eicise  the  heart,  cutting  widely  round  the  sinus  venosus,  and  place  it 
in  a  watch  glass.  Note  the  immediate  effect  and  the  afier-efTect 
on  the  rhythm.  The  heats  may  at  first  int^^rmtt  and  then  become 
more  frequent,  but  quickly  settle  down  to  about  the  same  rate  as 
before. 

The  Effect  of  Temperatore  on  the  BhrthiiL—Pour  on  the  hcsrt  some 
normal  saline  solution  which  has  been  cooled  in  ice.  The  frequency 
becomes  greatly  lessened.  Replace  the  cold  with  warm  saline  (25°  C). 
The  heart-beats  become  frequent  as  the  temperature  rises.  If  heated  to 
40*-43*  C.  the  heart  stops  still  in  diastole,  but  may  recover  if  quickly 
cooled.    If  not  cooled  the  heart  passee  into  the  condition  of  heat  rigor. 

Bhythmlc  Oontraction— the  fkmction  of  the  Heart  Hnade. — Taking 
another  heart,  cut  away  the  sinus  at  the  sino-auricular  junction.     After 
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a  short  period  of  inhibition  both  parts  begin  to  beat,  but  with  a 
different  rhythm.  The  sinus  is  the  more  injured,  and  l)eat«  at  a  slower 
rale.  If  the  cut  be  miide  through  the  auricles,  the  sinus  beat  continues 
&nd  is  unittfected  by  the  iiijurj.  Cut  off  the  ventricle  just  above  the 
auriculo- ventricular  groove.  After  a  period  of  inhibition  both  auricles 
and  ventricle  beat.  The  auricles  recover  first.  Cut  through  the  ventricle 
below  the  auriculo-ventrieiilar  groove.  The  apex  preparation  does  not 
beat  spontaneously.  It  resfxinda  to  a  prick  by  a  beat,  anil  may  in  some 
coses  be  taught  to  beat  rhythmically  by  rhythmic  Btimnlation.  A 
crystal  of  common  Bait  placed  on  the  apex  or  the  passage  of  the 
galvanic  current  through  the  apex  preparation  provokes  ite  rhythmic 
cou  traction. 

Cut  out  siuall  pieces  of  the  bulbus  arteriosus,  and  place  them  under 
the  microacope  in  a  watch  glass  containing  Hingcr's  fluiil.  The  pieces 
will  beat  rhythmically.  There  are  few  if  any  nerve  cells  in  the  bnlbus, 
and  there  are  certainly  none  in  some  of  these  pieces,  so  the  rhythm  is 
probably  the  function  of  the  heart  muscle.  In  support  of  this  are  the 
following  facts ; 

A  frog's  heart  painted  with  nicotine  (1  percent,  solution)  continues 
to  beat.     Nicotine  paralyses  neive  cells. 

Isolated  portions  of  the  mammalian  heart  will  beat  rhythmically 
for  hours  if  fed  through  their  nutrient  arteries  with  oxygenated  blood. 

The  structural  elements  of  the  heart  are  nucleal:od,  branched,  and 
cross-striated  cells.  The  muscle-cella  are  joined  together  into  net- 
works and  bands,  so  as  to  form  one  functional  whole,  and  hence 
excitation  of  any  one  part  leads  to  the  contraction  of  the  whole.  The 
first  part  to  1)egin  to  functionate  in  the  embryo  is  the  venous  end.  In 
the  mammalian  heart  it  has  been  shown  that  muscle  fibres  of  a 
peculiar  typo  connect  the  auricles  with  the  ventricles ;  they  form  the 
auriculo  ventricular  bundle. 

The  above  experimenU  suggest  that  rhythmic  contractility  is  the 
inherent  function  of  the  cardiac  muscle.  The  muscle  of  the  sinus  and 
auriculo- ventricular  junction  is  more  ombryorjic  in  structure  and  possesses 
greater  power  of  initiating  rhythm.  It  is  less  excitable,  and  conducts 
a  stimulus  less  rapidly  than  the  muscle  of  the  auricles  and  ventricle. 
The  auricular  and  ventricular  muscle  is  more  differentiated  in  structure. 
The  cross  striee  are  more  marked.  It  does  not  so  easily  initiate 
rbyUim.  Owing  to  its  greater  excitability  and  conductivity  it  follows 
the  lead  of  the  sinus. 

During  the  period  of  systole  the  heart  is  refractory  to  artificial 
excitation.     The    excitability    returns    with  diastole,   increasiug   as 
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dioBtole  proceeds.  The  energy  of  any  cardiac  contraction  depends  on 
the  previous  activity  of  the  heart,  on  the  pressure  of  the  diastolic 
filling,  on  the  resistance  to  systolic  outflow,  temperature,  nutrition, 
etc.  It  is  independent  of  the  strength  of  the  stimulus  so  long  as  the 
latter  is  efficient.  Owing  to  the  refractory  period,  the  slow  rate  of 
contraction,  and  the  independence  of  the  amplitude  of  contraction  on 
the  strength  of  etiratilus,  the  heart  cannot  be  tetanised. 

By  the  study— with  the  aid  of  the  capillary  electrometer  or  string 
galvanometer— of  the  electrical  current  of  action  which  accompanies 
the  systole,  it  has  been  shown  that  the  contraction  of  the  heart  is  a 
simple  twitch,  and  not  a  tetanus.  The  current  of  action  is  triphasic  in 
the  mammal— (1)  base  negative,  {'i)  apex  negative,  (3)  base  negative. 
The  excitatory  wave  travels  from  base  to  apex  and  from  apex  to  base, 
following  the  course  of  the  muscle- bands,  which  start  from  the  base, 
nui  to  the  apex,  and,  turning  in  there,  ascend  on  the  inner  wall 
of  the  ventricle.  The  current  of  action  travels  at  the  same  rate  as  the 
excitatory  state. 

The  power  of  slow,  sustained  contraction  seems  to  depend  on  the 
richness  of  the  heart-muscle  in  sarcoplasm.  The  heart-muscle  possesses 
tone,  and  this  varies  with  the  temperature  and  nutrition.  Muscarine, 
acids  and  chloi'oform  weaken,  while  digitaline,  caffeine,  and  alkalies 
increase  the  tone  of  the  heart.  The  auricular  muscle  of  the  toad 
exhibits  rhythmic  alterations  in  tone. 

AntiperistaUis  is  difficult  to  produce  because  the  excitatory  process 
in  the  ventricle  is  slow,  and  does  not  easily  affect  the  more  rapidly 
contracting  auricle.  The  refractory  period  which  persists  during 
systole  also  prevents  antiperistalsis.  The  excitatory  wave  is  delayed  iu 
passing  through  the  more  embryonic  type  of  muscle  in  the  ai  no-auricular 
and  auriculo-ventricular  junctions,  and  therefore  the  auricle  beats  in 
sequence  to  the  sinus  and  the  ventricle  in' sequence  to  the  auricle.  By 
cooling  the  sinus  and  warming  the  ventricle  the  sequence  of  the  heart 
can  be  reversed,  for  the  excitability  of  the  ventrical  is  by  these  means 
raised,  while  that  of  the  sinus  is  lowered. 

By  gently  clamping  a  strip  of  tortoise  auricle  muscle  between  two 
little  bits  of  cork  an  artificial  block  can  be  created,  and  the  piece  of 
auricle  below  the  clamp  then  beats  in  sequence  to  the  piece  above  the 
damp.  The  natural  delay  in  conductivity  at  the  auriculo-ventricular 
junction  is  thus  imitated  (Gaskell).  The  conductivity  is  decreased  by 
the  clamp. 

The  nerve  cells  of  the  heart  are  placed  in  the  least  differentiated 
parts :  in  the  sinus  (Remak's  ganglion),  in  the  inter-auricular  septum 
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(t.  Beaold'a  ganglion),  and  in  the  auriculo-TentricuW  groove 
(Bidder'a  ganglion).  The  nsire  cells  are  the  cell  itationi  of  the 
▼agua  nerve.  The  nervoue  aystem  regulate*,  bat  doei  not  initiate 
either  the  rhythm  or  sequence  of  the  heart  The  nuunteoanoe  oi  the 
rhyt^im  depends  on  the  blood,  and  there  is  evidence  to  show  that 
it  especially  depends  on  the  oxygen,  and  on  the  mineral  salts  which  are 
in  solution  in  the  blood. 

The  chief  mineral  salta,  chlorides  and  phosphates  of  sodium,  potassium, 
and  calcium,  are  dissolved  in  the  blood  in  minute  traces,  and  are  in  a 
state  of  ionisation.  The  presence  of  these  ions  seems  to  be  absolutely 
neceeaaiy  for  the  pvduction  of  the  excitatory  state.  As  the  mineral 
salt«  in  the  serum,  with  a  due  supply  of  oxygen  and  water,  are 
BufScient  to  maintain  the  heart  in  rh3rthmio  activity  for  hours,  it  is 
clear  that  the  heart  muscle  contains  a  large  supply  of  contractile 
material  in  its  sarcoplasm. 


CHAPTER  XXVI. 

HBTHODB  OF  RECORDING  THE  HEART. 

The  Snspenaion  Method  of  BeconUsg  the  Heart-beat — The  frog  is 

placed  on  a  cork  plate  which  is  fixed  to  the  stand  beneath  the  lever. 


e(  tb*  frat^  bnrt,  wHh 
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A  fine  pin  is  bent  into  tbe  shape  of  a  hook  and  passed  through  the  tip 
of  the  apex  of  the  ventricle.  A  thread  is  attaclied  to  this  hook  and  to 
the  lever.  Tbe  tissues  round  the  base  of  the  heart  are  pinned  down  to 
the  cork  plate  on  which  the  frog  rests. 


Oai  tro^m  faeiri.    Hia  i 

uarmBl  van trloulu-ciune.uidtha  pointed  topfcftw  tbB  bluod  hat  «BC*»d  at  thepuitit 
muksd  bf  Cbc  lUr.    Ttna  iiiukad  la  ftdbaof  Hcondi.    (L.H.) 

The  lever  is  provided  with  a  long  bght  straw.  A  fine  wire  spring  is 
attached  to  the  lever,  and  the  heart  pulls  against  this.  Adjust  its 
tension  bo  that  the  lever  is  horizontal,'  and  record  the  heart-beats  on  » 

■  With  the  form  of  heart-lever  {Fig.  90)  tbe  oontrtuition  U  represented  by  the 
dowD-itroke  :  with  tbe  lever  (PifE-  93)  the  contractioa  is  indicated  by  the  tip- 
•troke.  Tho  curves  obtained  with  the  former  lever  caa  l>e  beat  compared  with 
ibtwe  made  with  the  latter  by  turniag  the  tracing  apiida  down  uid  reading  from 
right  to  left. 
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tricular  curves,  and  the 


Ms^ 


drum  (bIov  nt«).  Not«  the  auricular  and 
roondod  top  or  plateau 
of  die  ventrioular  curve. 
Render  the  heart  blood- 
less hj  opening  an  'CH 
auricle.  The  apex  of  the 
ventricular  curve  becomes 
pointed.  Internal  ten- 
sion excites  the  muacle 
of  the  heart  to  more 
prolonged  and  sustained 
contractions. 

Another  method  of  re- 
cording the  heart  is  shown 
in  Fig  93.  A  long  light 
straw  lever  is  taken,  and 
a  needle  is  passed  through 
it  The  needle  plays  in 
holes  in  the  brass  upright. 
as  shown. 

Effect  of  Heat  and  Odd  on  the  Excised  Frog-heart. — Expose  the 
heart  of  a  {nthed  frog.  Pass  a  small  hook  attached  to  a  thread  through 
the  tip  of  the  ventricle.  Excise  the  whole  heart,  cutting  widely  round 
it,  and  pin  the  tissues  surrounding  the  base  of  the  heart  to  a  cork 
which  is  attached  to  the  bottom  of  the  vertical  limb  of  a  T-piece. 
The  T-piece  is  placed  beneath  the  recording  lever,  and  the  thread  which 


Fiu.  M.— LiTw,  (or  noDrdlnK  tha  [roa:^  hi 
(Pambn]'  uid  Fhllllpa.) 

The  thread  from  the  heart  is  attached 


Fia.  M,— HMTt  ohunboT. 

was  attached  to  the  ventricle  is  fastened  to  the  lever  (Fig.  94).  Take 
a  tracing  of  the  heart  when  immersed  in  a  beaker  of  Ringer's  fluid  at 
room  temperature  (12-10*  C).  Ringer's  solution  is  made  by  saturating 
0*66%  NaCl  with  calcium  phosphato  and  adding  to  each  100  c.c.  of 
this  solution  2  o.a  of  1  %  KCl.    Next  fill  the  beaker  with  Ringer's 
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fluid  which  has  been  kept  in  brokan  ice,  and  Uke  another  record. 
The  cooled  heart  givea  alow  and  forcible  beats.  The  perioda  of  con- 
traction and  relaxation  are  prolonged,  the  frequency  greatly  diminished. 
Now  fill  the  beaker  with  Ringer'e  fluid  at  25'  C.  The  frequency 
becomes  greatly  increased,  and  the  period  of  contraction  and  relaxation 


Fio.  es.-Conlni 


h 


greatly  shortened.  A  temperature  of  about  35'  C.  causes  diminution 
of  the  tone  of  the  heaH.  The  ventricle  ceases  to  follow  the  aurionlu- 
rhythm,  although  it  still  responds  to  excitation.  At  38*  to  43'  C.  the 
whole  heart  ceases  to  beat,  and  gradually  passes  into  the  condition  of 
heat  rigor.  The  heat  contraction,  when  once  fully  established,  is  not 
set  aside  by  cooliog. 


CHAPTER  XXVII. 

THE  STANNIU8  HEART. 

The  Stumins  Heart. — The  heart  of  a  pithed  frog  is  exposed  and  » 
thread  is  tied  lo  the  fraenum  which  is  then  cut  away  from  the  posterior 
surface  of  the  pericardium.  Pass  a  ligature  under  the  two  aortae  and 
then  by  means  of  the  thread  attached  to  the  fraenum  gently  pull  the 
heart  towards  the  mouth  of  the  frog.  The  dorsal  aspect  of  the  heart  ii 
DOW  readily  seen.     Draw  the  ligature  round  the  while  crescentic  line 


L 
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Fio.  »7.— auoofiuliaut.    Tho 
1,  Aurlda:  I,  Slsui;  3, 


which  marke  the  eino-auricular  junction  and  tie  it  exactly  over  this  line. 
The  ainua  continues  to  beat,  while  the  auricles  and  ventriule,  after  giving 
a  few  rapid  beats,  stand  still.  The  sinus,  with  its  more  embryonic  type 
of  muscle,  possesses  the  greatest 
power  of  initiating  rhythmic  con- 
traction. The  more  specialised 
muscle  of  the  auricles  and  ven- 
tricle is  more  excitable,  and 
conducts  an  excitatory  wave 
more  rapidly,  but  is  less  capable 
of  initiating  rhythm.  The  ex- 
citatory wave  which  is  started 
from  the  sinus  is  blocked  by  the  ligature  j  thus  the  auricles  and 
ventricle  cease  to  beat.  Prick  the  ventricle ;  it  will  respond  by  a 
single  beat  to  each  stimulus.  The  Stanniua  preparation  is  like  a  muscle 
preparation,  and  can  be  used  to  record  the  contraction  of  the  heart  and 
the  latent  period.  Tie  a  second  ligature  just  above  the  auriculo- 
ventricular  groove.  Both  auricle  and  ventricle  are  excited  by  the 
ligature  and  start  beating.  The  rhythm  is  no  longer  the  same  in  the 
three  chambers  of  the  heart.  The  mere  contact  of  the  lever  or  elec- 
trodes resting  on  the  Stanniused  heart  sometimes  evokes  rhythmic 
contractions.  The  inhibitory  effect  of  the  first  ligature  has  been 
attributed  by  some  authors  to  excitation  of  the  vagus  nerve. 

The  Heart  cannot  be  thrown  into  Complete  Tetaniu. — Set  up  a 
circuit  for  giving  single  induction  shocks  (sec  Fig.  16,  p.  9).     Apply 


B  the  electrodes  to  the  Stanniused  heart  and  record  the  effect  of  rapidly 

I  repeated  excitations.     The  heart  gives  an  incomplete  tetanus  curve. 

■ Owing  to  the  refractory  period  it  cannot  be  completely  tetanised. 
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The  Extra-systole  and  Compensatory  Panse.— Excite  with  a  single 
induction  shock  a  rhythmically  beating  heart.  The  heart  is  recorded 
aa  Id  Tig.  90  or  93.     An  extra  contraction  excited  during  the  diastolis 


period  of  the  rhythmically  beatirig  heart  ia  followed  by  a  compeasatory 
pause.  Note  that  the  heart  does  not  respond  when  excited  during 
systole — the  refractory  peiiod  (Fig.  150). 

This  period  of  inezcitability  is  seen  in  skeletal  muscle  (p.  43),  but 
is  of  much  shorter  duration  than  the  refractory  period  of  the  heart. 
The  difference  probably  depends  upon  a  slower  metabolism  in  the 
cardiao  muscle. 


CHAPTER  XXVIII. 
THE  CARDIAC  NERVES  AND  GANGLIA. 

The  Intra-cardiac  Qanelia,  and  NerreB. — The  vago-eympathetio 
nerves  enter  the  sinua  with  the  superior  venae  cavae,  and  form  a  plexus 
there  which  contains  many  ganglion  cells  (Ramak's  ganglion).  The 
nerves  pass  on  to  enter  the  auricular  septum,  which  also  contains 
ganglion  cells  (v.  Bezold'a  ganglion).  Leaving  the  septum  the  nerves 
enter  the  auriculo-ventricular  junction,  where  third  groups  of  ganglion 
cells  lie  (Bidder's  ganglion). 

To  see  these  structures  (Fig.  100),  forcibly  inject  the  living  heart 
-with  oemic  acid  (1  %  sol.),  passing  the  needle  of  the  hypodermic  syringe 
into  the  auricle.  The  osmic  acid  almost  instantaneously  fixes  the  heart 
in  distension.  Cut  out  the  heart  and  place  it  in  a  watch-glass  of  I  % 
oamic.     After  5  minutes  open  the  auricles  under  water,  look  for  the 
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septom  and  cat  it  out,  mcluding  its  attachmenta  to  the  ventricle. 
Mount  the  aeptum  in  glycerine,  and  examine  it  microscopioally.  The 
nerve  fibres  and  ganglion  cells  will  be  apparent  in  the  eeptum. 

Excitation  of  the  Vagi,  withont  dissection. — Destroy  the  cerebrum 
and  spinal  cord  of  a  frog,  leaving  the  spinal  bulb  uninjured.  Stick  a 
needle  electrode  into  each  tympanic  membrane.  Record  the  beat  of 
the  heart  and  faradise  the  spinal  bulb ;  inhibition  is  produced. 


't,  »Iid  a,  t  BIMa't.    (BedoD.) 


Dissection  for  Exposing  the  Vagus  lit  the  Ftog.> — Lay  the  pithed 
frog  oil  ite  back,  and  cut  through  the  skin  and  sternum.  Fin  out  the 
fore-limbs  so  as  to  pull  the  divided  halves  of  the  pectoral  girdle  widely 
apart  Open  the  pericardium  and  divide  the  fraenum.  From  the 
angle  of  the  jaw  on  either  side  trace  the  thin  band-like  petro-hyoid 
muscles.  These  muscles  arise  from  the  skull,  and  cirole  round  to  the 
thyroid  process  of  the  hyoid.  The  petro-hyoids  aro  crossed  by  two 
white  nerves,  which  are  clearly  visible.  One,  the  glosso-pharyngeal, 
curves  round  from  the  angle  of  the  jaw,  and  disappears  among  the 
muscles  of  the  floor  of  the  mouth.  The  other,  the  hypo-glossal,  takes 
the  same  direction,  but  lies  nearer  to  the  mid  line  of  the  mouth. 

The  vagus,  dividing  into  its  cardiac  and  laryngeal  branches,  lies  at 
>  Sob  tiaa  another  method  of  diueotion,  p.  106. 
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tbe  lower  border  of  the  petro-hyoid  muscle.  It  is  a  small  nerve,  and 
not  easily  seen.  Having  traced  the  nerve  so  far,  cut  away  the  lower  jaw 
and  as  much  of  the  larynx  as  can  safely  be  removed.  Kext  cut  away 
the  mucous  membrane  which  covers  the  base  of  the  skull  and  upper 
vertebrae.  You  will  thus  expose  on  either  side  a  broad  muscle,  the 
levator  scapulae  inferior.  This 
muscle  arises  from  the  skull 
round  the  jugular  foramen, 
and  is  inserted  in  the  scapula. 
Unpin  the  frog,  and  bold  the 
skull  in  the  left  band,  so  that, 
while  the  akuU  is  horizontal, 
the  body  hangs  vertically.  Cut 
through  the  levator  muscle, 
and  under  the  upper  part  of 
this  muscle  observe  the 
vngus  ganglion  and  the  vagus 
and  glosfio-pbaryngeal  nerves. 
Trace  the  sympathetic  nerve, 

which  is  marked  by  black  f,„.  iiii.-Di«™™ortb,origi„  o(  t>»«™ym». 
pigment,  along  the  upper  *:;^'i,"";:i'^*i:  tt^f^^'rfri^Sw 
vertebrae  to  its  junction  with  ^S^g„?„':^;^P*J5:^^^tion.'*(Q«^i3r 
the    vagus    ganglion.        Tbe 

cardiac  sympathetic  fibres  arise  from  the  3rd  spinal  nerve,  and  pro- 
bably have  their  cell  stations  in  the  third  sympathetic  ganglion. 
Pass  a  fine  thread  (by  means  of  a  sewing  needle)  under  the  sym- 


Th«  whit 

■hould  b«  rtmd  ina  itCt  to  rlgbt.    (Pamlmr  mad  I 


Ti^o-i7iij|ntta4Uo  Hi 


u  (ftoT^lTsct.    Tba  cu 


pathetic  at  the  level  of  the  large  brachial  (2nd  spinal)  nerve.  Tie 
it,  and  divide  the  nerve  below  the  ligature.  Pass  a  thread  under 
the  gloBSD-pharyngeal  and  vagus  nerves,  but  do  not  tie  it. 

Place  the  ^g  again  on  the  board,  and  record  tbe  heart  by  tha 
■nspension  method  (slow  rate  of  drum).     With  the  interrupted  current 
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Bttmulat«  the  Gjm pathetic.  Use  fine  electrodes  and  a  strength  of 
current  just  comfortahle  to  the  tongue.' 

The  heartrbeats  are  accelerated  and  augmented  after  a  long  latent 
period.  This  effect  is  prolonged  for  a  considerable  time  after  the 
excitation  has  ceased.  The  after  effect  is  decreased  frequency  and 
amplitude. 

Next  pass  the  electrodes  under  the  vago- sympathetic  trunk.  The 
heart-beats  will  either  be  arrested  (inhibited)  after  a  brief  latent  period 
or  decreased  in  frequency  and  amplitude.  There  is  a  short  after 
effect;  the  heart  soon  escapes,  even  if  the  excitation  be  continued. 
The  after  effect  is  usually  incre«ged  frequency  and  amplitude.  The 
returning  beats  frequently  show  the  staircase  effect.  Sometimes  the 
sympathetic  effect  overpowers  the  influence  of  the  vapis.     To  stimulata 


the  pure  vagus  fibres,  the  cerebrum  is  destroyed,  the  cervical  cord 
divided,  and  the  spinal  bulb  excited.  During  the  state  of  complete 
inhibition  the  heart  may  not  respond  to  mechanical  excitation. 

There  ia  evidence,  in  the  case  of  the  king  crab,  that  the  excitatory 
Btat«  is  transmitted  through  the  heart  and  the  contraction  regulated  in 
sequence  by  the  nerve  ganglia  of  the  heart.  On  the  other  hand,  the 
gangh'on  cells,  which  wander  into  the  embryonic  heart  of  the  chick  some 
days  after  it  had  started  beating,  can  be  removed  without  disturbing 

'  The  olectrodei  may  bo  made  of  fine  covered  wires.  The  enH»,  for  J  inoh,  are 
■tuck  together  bj  melted  paraffin.  The  pariffin  ia  grooved  with  a  knife,  so  aa  to 
Uy  bue  the  wires  at  a  point  i  inch  from  their  and.  The  wirea  are  paued 
through  alils  in  a  small  piece  of  cork.  ITia  cork  may  then  bo  pinned  in  any 
suitable  poaitiao. 
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the  cardiac  rhythm.  Extra-cardiac  nerve-fihrea  from  the  vagus  have 
their  eel  I -stations  in  these  ganglia.  The  Bympathetic  cardiac  fibres 
have  their  cell-stations  in  the  3rd  aympathetic  gangliou  in  the  frog,  in 
the  stellate  or  Ist  thoracic  ganglion  in  the  mammal.  Non -medulla ted 
nerve-fibres  spin  a  fine  network  through  all  parts  of  the  cardiac  muscle, 
A  great  many  of  the  cardiac  nerve-fibres  are  centripetal  or  afferent,  and 
convey  impulses  up  the  vagi  to  the  spinal  bulb,  which  reflesly  control 
the  tonus  of  the  blood-vessels,  and  possibly  the  frequency  of  the  heart 
Vi  Bj.  Br,  and  the  respiration.  The  centri- 
fugal cardiac  nerves  influence  the 
frequency  and  force  of  the  cardiac 
contraction  and  the  conducti\'ity  and 
excitability  of  the  cardiac  muscle. 
The  inhibitory  fibres  run  in  the 
vagua  and  arise  from  a  centre  in  the 

_=^^ spinal  bulb  which  is  in  tonic  action 

and  curbs  the  heart.  The  function 
of  the  vagus  is  to  decrease  the  fre- 
quency, force,  conductivity  and  excitability.  The  aympathetic  fibres, 
which  arise  in  the  mammal  from  the  anterior  spinal  roots  in  the  upper 
thoracic  region,  antagonise  the  action  of  the  vagua.  The  vagua,  by 
reducing  the  heart-beat,  causes  anabolism,  and  the  sympathetic  kata- 
bolism  of  the  cardiac  muscle.  The  aft«r-efrGct  of  vagus  excitation  is 
increased  energy  of  contraction,  while  that  of  the  sympathetic  is  exactly 
the  opposite.  The  function  of  the  cardiac  nerves  is  to  co-ordinat«  the 
beat  of  the  heart  to  the  needs  of  the  body,  and  to  co-ordinate  the 
functions  of  the  other  organs  of  the  body  to  the  needs  of  the  heart. 

Dissaction  of  Vaso-Sympathetic  Nerve  from  behind. — The  skin  in 
the  mid-line  of  the  back  is  divided  and  the  scapula  lifted  up  and  cut 
away.  The  fore-limb  is  pulled  outwards  and  then  removed.  A  small 
plug  of  paper  is  placed  in  the  frog's  mouth  to  put  the  parts  on  the 
stretch.  In  front  of  the  divided  brachial  plexus  (Br.,  Fig.  106)  there 
can  be  seen  (Hy.)  a  much  smaller  nerve — the  hypoglossal — which  is  the 
first  spinal  nerve  in  the  frog  and  passes  down  to  the  floor  of  the  mouth ; 
(VS.)  the  vago-ay  TO  pathetic,  which  can  be  traced  from  the  skull,  and 
runs  by  the  side  of  the  carotid  art«ry  (C.)  and  crosses  underneath  the 
hypoglossal  nerve ;  (G-.)  the  glossopharyngeal.  This  nerve  issues  with 
the  vago-sympathetic  nerve,  but  soon  turns  downwards  and  forwards 
to  the  floor  of  the  mouth.  The  glossopharyngeal  and  hypoglossal 
nerves  are  then  cut  and  a  small  piece  of  the  bone  containing  the 
foramen  from  which  the  vago-sympathetic  nerve  issues  is  cut  away  from 
the  skull.  By  means  of  this  piece  of  bone  the  vago  sympathetic  nerve 
can  at  any  time  be  lifted  up  without  damage  and  laid  upon  electrodes. 
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CHAPTER  XXIX. 
THE  SINO-AURTCULAR  JUNCTION.     THE  ACTION  OF  DRUGS. 

Inhibition  Prodoced  by  Excitation  of  the  Sino-Anricnlar  Junction. — 

The  bean  is  recorded  by  the  suspensioD  method.  Observe  the  whits 
tendinouB  line  which  marks  the  sini>aiiricukr  junction.  It  is  curved  with 
its  convexity  upwards.  This  is  known  as  the  creseerU.  Pin  the  cork  of  the 
fine  wire  electrodes  to  the  frog-plate  so  that  the  ends  of  the  electrodes  touch 
the  crescent.  The  ends  must  not  be  more  than  2  mm.  apart.  Start  the 
drum  (slow  rate),  record  half-a-dozen  beats,  and  then  tetanise  the 
crescent.     The  heart,  owing  to  direct  excitation  of  the  muscle,  at  first 
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beats  faster,  and  then  is  arrested  in  diastole.  Sometimes  the  arrest  does 
not  take  place  till  the  excitation  ceases.  The  heart  soon  eacapes  from 
arrest.  The  arrest  is  due  to  excitation  of  the  intra-cardiac  branches  of 
the  vagUB.  Mechanical  stimulation  of  the  ventricle  during  the  arrest 
will  cause  a  reversal  of  the  natural  sequence.  The  sinus  continues  to 
beat  during  the  period  of  arrest.  The  excitatory  wave  is  blocked 
in  the  auricular  muscle. 

Action  of  Huscarine  and  Atropine. — Dissect  out  the  vago-sympathetic 
nerve  and  record  the  effect  of  excitation  of  (1)  the  vago-aympathetic. 
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(2)  the  crescent.  Next  with  a  glass  pipette  apply  to  the  heart  a  few 
drops  of  nitrate  of  muscarine  (10%  solution).  The  tone,  frequency,  and 
amplitude  of  the  heart  will  decrease  until  at  last  the  heart  becomes 
arrested  in  diastole.  Mechanical  excttatioa  may  still  excite  the  heart 
to  give  a  single  contraction. 

Now  apply  some  drops  of  a  0'2 — 0'5%  solution  of  atropine  sulphate. 
The  heart  will  begin  to  beat  again,  at  first  feebly,  and  then  with 
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increasing  amplitude.  Muscarine  abolishes  the  tone,  rhythmic  power, 
and  conductivity  of  heart  muscle,  while  atropine  hu  in  each  respect  the 
antagonistic  action.  This  experiment  succeeds  on  any  ganglion-free 
strip  of  tortoise  heart.  After  the  application  of  atropine,  excitation, 
either  of  the  vagus  or  of  the  crescent,  is  ineffectual,  for  atropine 
paralyses  the  pust-ganglionic  fibres  of  this  nerve.  The  effect  of  atropine 
cannot  be  antagonised  by  a  further  application  of  muscarine. 

A  1%  solution  of  pilocarpine  acts  in  the  same  way  as  muscarine,  and 
atropine  acts  as  its  antagonist. 

Muscarine  is  an  alkaloid  obtained  from  the  poisonous  Ply  Agaric — a 
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fungus.     It  is  used  as  an  intoxicant  in  Siberia.     It  ia  excreted,  un- 
changed, ill  the  urine,  and  it  is  stated  that  the  urine  is  drunk  when  the 


supply  ia  short,  and  thus  the  intoxicant  is  handed  on  from  one 
to  another. 

Muscarine  nitrate,   O^H^jNO,,  is  prepared  artificially  from  cholin, 
CjH,jNOj.     Cholin  is  one  of  the  decomposition  products  of  lecithin. 


cholin,  J 
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CHAPTER  XXX. 


THE   EFFECT  OF  NICOTINE,  CHLOEOFOBM   AND   ETHER   UPON 
THE   HEART. 

Action  of  Nicotine.— Disaect  out  the  vago-sympathetic  and  record 
the  beat  of  the  heart  by  the  suspension  method.  Record  the  effect  of 
flxcitatioD  of  (1)  the  vago-sympathetic,  (2)  the  creGcent.  Now  apply 
to  the  heart  a  few  drops  of  a  1  per  cent,  solution  of  nicotine.  The 
frequency  of  the  heart  is  at  first  lessened  and  then  slightly  increased, 
for  the  nicotine  firstly  excites  and  secondly  paralyses  the  synapses  of 


the  vagus  fibres  with  the  cardiac  ganglia.  These  ganglia  contain  the 
cell  stations  of  the  vagus  fibres.  Stimulation  of  the  vago-sympathetio 
trunk  no  longer  produces  inhibition,  but  augmentation  and  acceleration. 
The  cell  itations  of  the  sympathetic  fibres  are  in  the  third  sympathetio 
jianglion. 


J 
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The  vagus  fibres  are  medultated  ob  far  as  the  cardiac  ganglia,  while 
the  sympathetic  fibres  are  nonmedu Hated  after  leaving  the  third  aym 
pathetic  ganglion  (Fig.  113).  Stimulation  of  the  cresceot  still  produces 
inhibition,  for  weak  doses  of  uicotine 
do  not  paralyse  the  post- gang)  ionic 
fibres.  Nicotine  is  similarly  em- 
ployed to  determine  the  cell  stations 
of  all  the  nerve  fibres  of  the  auto- 
nomic system  (Langley).  Too  large 
a  doBC  of  nicotine  paralyses  the 
post-gnngl ionic  fibres,  and  renders 
the  contraction  of  the  muscle  slow. 
At  this  stage  stimulation  of  the 
sinus  will  cause  a  series  of  rapid 
beats  due  to  the  excitation  of  the 
cardiac  muscle;  this  acceleration 
shows  as  an  aftcr-efiect  a  prolonged 
period  of  diastole.  Nicotine  finally 
arrests  the  hearts-beat  by  poisoning 
the  muscle. 

Action  of  Chloroform  and  Ether. 
— Excise    two    frogs'    hearts    and 
place  each  in  a  watch  glass   con- 
taining   5    c.c,    of    Ringer's   fluid. 
To    one    add   one   drop    of    pure 
,  chloroform  and  cover  with  another 
watch   glass.    Tho  heart  will  be- 
.  Jo"-    fonie  feeble,  lose  tone,  and  finally 
§3"&^3^  slop   beating.      It   will    take    oon- 
J-|ag^|    siderably    more    ether   to   produce 
ll||agg   the  same  effect  on  the  other  heart. 
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The  causation  of  death  from  chloro- 
form is  cardiac  failure.  In  the 
mammal  the  arterial  pressure  falls, 
and  the  vagus  centre  is  rendered 
hype  rex  citable  by  too  concentrated 

a  dose  of  chloroform.     Failure  of  respiration  and  syncope  result  from 

inhibition  and  poisoning  of  the  heart. 

Bjr  HoleculaL  Uf  WdIkIiI-  lif  Voliiue. 

Alcohol,    ...  1  1  1 

Ether,       .        .        .  S  6  5 

Chloroform,       .        .        100  40  75 

The  relative  phyaiolugiual  powcra  of  nlcnhol,  ether 


mil  chl.iroform.      (Waller.) 
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CHAPTER  XXXL 


DISSECTION  OF  THE  HEART.     THE  CARDIAC  IHP0LSB. 

Thb  Sheep's  Heut. — The  heart  should,  if  possible,  be  obtaiaed  with 
the  pericardium  intact,  and  the  lungs  attached  to  it.  Open  the 
pericardium  and  t«st  ita  strength.  It  is  a  strong,  inelastic,  fibroua 
bag,  and  prevents  the  over-distension  of  the  right  heart.  The  parietal 
layer  of  the  pericardium  is  attached  to  the  roots  of  the  large  vessels  at 
the  base  of  the  heart,  it  thence 
runs  over  the  surface  of  the  heart, 
forming  the  visceral  layer.  The 
pericardium  in  man  is  attached 
below  to  the  diaphragm,  while 
above  it  is  slung  to  the  spine  by 
the  cervical  fascin.  The  heart  is 
thereby  slung  in  position,  and 
cannot  twist  over  during  changes 
of  posture. 

The  front  of  the  heart  is  re- 
cognised by  a  groove  tilled  with 
fat,  which  runs  obliquely  down 
the  ventricles  from  left  to  right. 
The  groove  starts  from  about  the 
middle  of  the  base  of  the  ven- 
tricles to  a  point  a  little  below 
the  middle  of  the  right  margin 
of  the  heart.  Running  up  the  middle  of  the  posterior  and  flatter 
surface  of  the  heart  is  a  similar  shallow  groove.  The  heart  is 
divided  by  these  grooves  into  a  right  and  left  side,  and  each 
of  these  is  again  divided  by  a  groove  containing  much  fat,  which 
circles  round  the  top  of  the  ventricles.  Above  this  groove  lie  the 
right  and  left  auricles.  Note  the  musculature  of  the  left  ven- 
tricle is  thick  and  firm,  that  of  the  right  ventricle  thinner.  Both 
the  auricles  are  thin  walled.  The  appendix  of  each  auricle  projects  in 
front  at  the  base  of  the  heart,  as  a  flat,  crinkled,  ear-shaped  bag.  The 
greater  part  of  the  auricles  lies  at  the  back  and  aides  of  the  base  of  the 
heart,  and  is  concealed  by  the  aorta  and  pulmonary  artery.  The 
grooves  on  the  surface  of  the  heart  mark  the  position  of  the  septa, 
which  divide  the  heart  into  four  chambers.  Trace  the  right  and  left 
coronary  art«ries,  which  issue  from  the  right  and  left  sinuses  of  Valsalva 
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in  the  root  of  the  aorta,  and  run  in  the  auriculo-veiitricular groove.  T&« 
left  IB  the  more  important,  and  divides  into  the  nimuB  eircumplexua 
and  the  ramus  descendena.  Ligation  of  the  left  coronary  artery  causes 
fibrillar  contraction,  ending  in  arrest  of  the  heart  beat.  Ligation  of 
either  of  its  chief  branches  may  cause  fibrillar  contraction.  Trace  the 
coronary  vein  in  the  auriculo-ventricular  groove.  In  the  posterior 
wall  of  the  right  auricle  find  the  opening  of  the  vena  cava  inferior 
below,  and  that  of  the  superior  vena  cava  above. 

In  the  posterior  wail  of  the  left  auricle  note  tlie  openings  of  the  two 
pulmonary  veins^iii  man  there  are /our.  The  pulmonary  artery  arises 
in  front  of  the  base  of  the  right  ventricle,  close  to  the  anterior  intra^ 
ventricular  groove.  The  aorta  arises  from  the  base  of  the  left  ventricle 
behind  and  a  little  to  the  right  of  the  pulmonary  artery.  Tie  a  glass 
tube  V.C.  into  the  vena  cava  superior,  and  ligature  the  vena  cava 
inferior  and  the  left  vena  azygos.  Tie  a  second  glass  tube  P.A.  into 
the  pulmonary  artery.  The  ai-terial  tube  should  be  two  feet,  and  the 
vena  cava  tube  one  foot  long.  Fill  the  V.C.  tube  with  water,  the  water 
runs  through  the  right  ventricle  into  P.A.  Rhythmically  compress  the 
ventricles  with  your  hand.  The  water  sinks  in  V.C,  and  rises  in  P.A. 
Stop  the  compression.  If  the  pulmonary  valve  is  competent,  the  fluid 
in  P.A.  will  not  sink.  Note  that  the  root  of  the  pulmonary  artery  is 
distended  by  the  pressure  of  the  column  of  fluid.  The  same  experiment 
can  be  repeated,  using  one  pulmonary  vein  and  the  aortji.  Remove  the 
tubes,  and  measure  the  diameter  and  compare  the  sectional  areas  of  the 
two  venae  cavae,  the  pulmonary  artery  and  the  aorta.  Extend  the 
aorta  and  pulmonary  artery.  Both  have  extensile  and  clastic  walls, 
and  although  empty,  do  not  collapse.  The  pulmonary  artery  is  very 
extensile.  The  venae  cavae  and  pulmonary  veins  have  thin  inextcnsile 
walls  which  fall  together. 

Pass  your  finger  down  the  superior  vena  cava  through  the  right  auricle 
into  the  right  ventricle.  Feel  the  siee  of  the  auriculo-ventricular  orifice. 
Now  cut  through  the  pulmonary  artery  just  above  its  origin,  and  look 
within.  Note  the  throe  pulmonary  semi-lunar  valves.  Put  the  pulmonary 
orifice  under  the  tap.  The  pocket-shaped  valves  close  and  prevent  the 
water  entering  the  ventricle.  Pass  a  finger  through  the  pulmonary 
orifice,  and  another  through  the  superior  cava.  The  two  fingers  meet 
in  the  right  ventricle. 

Next  cut  open  the  right  auricle,  and  observe  that  it  surmounts  the 
right  auriculo-ventricular  orifice  like  an  inverted  pocket. 

Note  the  appendix  with  its  fretwork  of  muscle — the  inter-auricular 
septum  with  the  fossa  ovalis ;  the  Eustachian  valve,  a  membraneous 
fold  in  low  relief,  which  lies  immediately  beneath  the  entrance  of 
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the  inferior  vena  cava.  It  is  directed  from  the  poeterior  wall  toward* 
the  intflnial  vail. 

Note  also  the  ■■»  and  form  of  the  auriculo-ventrioular  orifice.  Gat 
away  most  of  the  auricle,  and  put  the  aimculo-Tentaricular  orifice  for  a 
moment  under  the  tap.  The  valve  will  float  up.  The  flaps  are  brou^t 
into  oppositiOD  by  eddies  Uie  moment  the  ventaioular  pressure  becomes 
greater  than  the  auricular  pressure.  Note  the  shape  of  each  flap,  and 
the  upward  convexity  of  the  valve  Saps  when  closed,  and  the  star- 
shaped  figure  formed  by  their  opposition.  Note  also  the  paiallary 
muscles  and  chordae  tendiiieae.  A  band  of  muscle— the  moderator 
band— crosses  the  right  ventricle  of  the  sheep's  heart. 

Next  out  through  ^e  chordae  tendineae,  and  then  place  the  aurioulo- 
ventricular  orifice  for  a  moment  under  the  tap.  The  valve-flaps  are  now 
driven  towards  the  auricle,  and  the  flap  is  no  longer  competent.  In- 
trodnce  a  pair  of  soisson  between  two  of  the  valve-flaps,  and  out  down 
to  the  bottom  of  the  ventricle.  Then  turn  round  the  scissors  and  out  up 
close  to  the  septum,  towards,  but  not  as  far  as,  the  pulmonary  artery. 
Observe  the  columnae  cameae  and  p^qnllaiy  muscles  in  the  lower  part  of 
the  ventricle.  These  pack  together  and  obliterate  (he  lower  part  of 
Uie  ventricle  during  systtde.  Acting  as  elastic  cushions,  they  rebound 
in  diastole  and  produce  a  momentary  negative  pressure  in  the  ventricle. 
Note  the  funnel-shaped,  smooth-walled  upper  part  of  the  ventricle — the 
conus  arteriosus — ^which  leads  into  the  pulmonary  artery.  This  part  is 
not  emptied  during  systole,  and  blood  thus  remains  in  contact  with  the 
aurioulo-ventricular  valve,  and  ensures  its  closure.  Note  the  form  of  the 
flaps  of  this  valve,  and  their  attachment  to  the  auriculo-ventricular  ring. 
Some  of  the  chordae  tendineae  are  attached  to  the  edges,  and  others  to 
the  under  surface  of  the  valves.  Owing  to  the  papillary  muscles  and 
chordae  tendineae,  the  auriculo  ventricular  valve  presses  on  the  blood 
during  systole,  equally  with  the  rest  of  the  ventricular  walL 

Now  lay  open  the  pulmonary  orifice  and  note  tiie  shape  and  attach- 
ment of  the  semi-lunar  valves  and  the  small  nodule  of  tissue  in  the 
free  edge  of  each  flap.  Observe  also  the  sinuses  of  Valsalva.  These 
favour  the  formation  of  eddies,  which  bring  the  valves  in  opposition  the 
moment  the  intraventricular  pressure  becomes  less  than  the  pulmonary 
arterial  pressure. 

Cut  open  the  left  auricle  in  the  same  manner  as  the  right,  and 
observe  ^e  two  flaps  of  the  left  auriculo-ventricular  valve,  the  papillaiy 
muscles,  etc,  and  thickness  of  the  left  ventricular  wall.  Cut  actoes  the 
aorta  just  above  its  origin  and  observe  the  three  aortic  semilunar 
valves.  Insert  the  nozale  of  the  tap  through  this  valve  into  the  left 
ventricle  and  turn  on  the  water.    The  auriculo-ventricular  valve  (doses 
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and  prevents  the  escape  of  the  wat«r.  Lay  open  the  left  ventricle  in 
the  same  manner  as  the  right,  carrying  the  first  incision  down  the  left 
side  of  the  ventricle.  Observe  the  entrance  into  the  aorta  and  then  lay 
this  open.  Note  the  orifices  oE  the  coronary  arteries  from  the  right 
and  left  sinuses  of  Valsalva. 

Scratch  away  the  endocardium  and  look  for  the  auriculo- ventricular 
bundle  along  the  top  of  the  interventricular  septum  on  each  aide.  The 
right  and  left  septal  divisions  are  clearly  seen  as  whitish  bands  in  the 
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sheep's  heart.  Twigs  from  the  bundle  pass  by  way  of  the  columnae 
cameae  into  the  musculi  papillares  and  reach  all  parts  of  the  heart.  The 
bundle  starts  from  the  A.V.  node  at  the  base  of  the  interauricular 
septum  on  the  right  side,  and  is  in  connection  with  the  sino-auricular 
node  which  is  supposed  to  initiate  the  rhythm.  The  nodes  are 
made  up  of  peculiar  branched  cells ;  Purkinje  fibres  form  the  bundle. 
Section  of  the  bundle  interrupts  the  normal  sequence  of  the  heart 
chambers. 

Demonstration  of  Action  of  Valves  in  the  ox  or  horse's  heart 
(Gad.)    Two  brass  tubes  with  glass  windows  are  tied  one  (7  cm.  in 
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di&meter)  into  the  left  auricle,  the  other  (5  cm.)  into  the  aorta.  Tho 
brass  tubes  are  connected  by  side  tubes  to  the  bottom  and  top  respec- 
tively of  a  reservoir  containing  water.  A  small  hole  is  made  in  the 
apex  of  the  heart,  and  a  glow 
lamp  is  iDserted  into  the  left  ven- 
tricle. The  wires  of  the  lamp  are 
connected  with  two  Grove  cells. 
A  tube  connected  with  a  rubber 
bag  is  tied  into  the  apex.  The 
bag  is  full  of  water.  On  com- 
pressing the  bag  the  auriculo- 
ventricular  valves  close,  while  the 
aortic  valves  open.  On  relaxor 
tion  the  aortic  valves  close,  while 
the  auriculo-ventricular  valves  open 
{Fig.  116). 

The  Cardiac  Impulse. — Observe 
and  feel  the  seat  of  the  cardiac  im- 
pulse when  the  subject  is  (1 )  stand- 
ing erect,  (2)  lying  horizontal  on 
the  left,  and  (3)  on  the  right  side. 
The  impulse  is  felt  in  the  fifth  or 
fourth  intercostal  space  about  Ij  inches  below  the  nipple  line,  and 
31  inches  from  the  mid-sternal  line.     It  shifts  under  the  sternum  when 


the  subject  lies  on  the  right,  and  to  the  nipple  line  when  he  lies  on 
left  side.     Owing  to  the  influence  of  gravity,  a  different  part  of 
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heart  oomea  in  contact  with  the  chest  wall  in  each  posture.  Apply 
the  button  of  the  cardiograph  to  the  seat  of  the  impulse,  and  fix  it  with 
tapes.     One  tape  is  fastened  round  the  chest  atid  one  over  tbc  right 


shoulder.  Connect  the  cardiograph  by  means  of  a  J,  tube  with  a 
recording  tambour,  and  take  records  on  a  moderately  fast  drum.  The 
I  tube  is  used  to  regulate  the  pressure  in  the  t^imbour.    A  small  metal 


box— the  aize  of  a  penny  aTid  open  at  the  bottom — does  very  well,  if 
connected  to  a  tambour  and  pressed  over  the  region  of  the  apex.  To 
interpret  the  curve,  adjust  another  receiving  tambour  to  the  carotid 
pulse  and  arrange  the  writing  styles  of  the  receiving  tambours  to  write 
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in  the  same  perpendicular.  Set  up  a  sigTial,  spring  key,  and  battery, 
in  circuit.  Listen  t«  the  heart  sounds  and  try  to  mark  the  first  and 
second  sounds  beneath  the  cardiogram  (Fig.  118).  The  signal  must 
write  exactly  under  the  writing  style  of  the  tambour.  The  reaction 
time  of  a  trained  observer  for  making  signals  in  answer  to  sounds  is 
0'15  to  0  20  seconds.  The  curve  is  only  typical  when  the  hutton  of 
the  instrument  is  exactly  ap])lied  to  the  seat  of  the  impulse.  Elsewhere 
the  thorax  is  drawn  in,  as  blood  is  expelled  from  the  thorax  during  the 
period  of  syRtolic  outflow  (Fig.  119). 

The  impulse  of  the  heart  occurs  where  the  ventricular  wall  touches 
the  chest.  It  is  produced  by  the  sudden  hardening  of  the  ventricular 
muscle.  During  the  first  part  of  systole— the  period  of  rising  tension — 
the  blood  cannot  escape  from  the  ventricles. 

The  second  tambour  can  then  be  placed  over  the  jugular  vein  and 
venous  pulse  recorded.    This  will  show  the  time  of  the  auricular  con- 
traction.    (See  p.  122.) 


CHAPTER  XXXII. 
THE  PUL8B.    HUMAN  BLOOD  PRESSURE. 
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Pulse. — Examine  the  radial  pulse  with  the  finger.  Note  (1)  the 
size  of  the  swelling,  composed  of  the  artery  and  its  venae  comites, 
which  occupies  the  radial  sulcus;  (2)  the  tension  of  the  artery,  which 
is  estimated  by  the  pressure  required  to  obliterate  the  artery  and  stop 
the  pulse;  (3)  the  condition  of  the  arterial  wall,  which  can  be  ascer- 
tained by  rolling  the  vessel  upon  the  hone;  (4)  the  character  of  the 
pulse  wave— its  frequency,  regularity,  amplitude,  and  period  of 
duration.  Note  also  whether  the  chief  secondary  or  dicrotic  wave  is 
perceptible. 

Compress  the  brachial  artery,  and  notice  that  the  radial  pulse  ceaaea. 
Compress  the  upper  arm,  excluding  the  brachial  artery,  and  note  the 
effect  on  the  veins  and  pulse.  The  pulse  may  be  recorded  by  a 
sphygmograph.  The  principle  of  this  instrument  is  a  button  resting  on 
the  artery  and  pressing  against  a  steel  spring.  The  spring  in  its  turn 
is  made  to  press  either  against  a  lever  (Fig.  121)  or  a  tambour.  The 
lever  is  provided  with  a  writing  style,  while  if  the  tambour  be  used  it 
is  connected  with  a  recording  tambour.     The  Dudgeon  sphygmograph 
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is  conveaient,  but  Mackenzie's  polygraph  allows  long  continuouB 
tracings  to  be  taken  in  ink  on  white  pitpor,  and  is  a  far  more  valuable 
clinical  instrument.  Apply  the  sphygmograpb  to  the  radial  artery,  as 
in  Fig.  12L,    The  right  position  of  tlie  button  may  bo  found  by  marking 


Dudgoult'D  H|thyginii£inph. 


the  position  of  the  pulse  with  ink.  The  pressure  of  tho  instrument  can 
be  varied  both  by  the  straps  and  by  the  dial  whiuh  regulates  the 
pressure  of  the  Bpriiig.  The  instrument  should  bo  applied  with  a 
pressure  sufficient  to  flatten  tho  artery,  and  then  the  p 


arey'i  aphygmoginiih. 


be  diminished  until  the  maximal  excursion  is  obtained.  Wo  hnvc  no 
means  of  accurately  reading  the  pressure  of  the  spring  or  the  changes 
of  pressure  indicated  by  the  pulse  curve.  Tho  instrument  gives  us  the 
form  of  the  pulse  curve  only.  When  the  smoked  paper  is  in  position, 
and  the  writing  style  placed  upon  it,  and  the  maximum  excursion 
obtained,  the  clock  is  started  and  the  record  taken.  The  pulse  cun-e 
coneista  of  a  primary  and  several  secondary  waves.  The  primary  wave 
is  the  Tvave  of  expansion  produced  by  the  systolic  output  of  tho  heart 
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and  travels  down  the  elastic  arteries  at  the  rate  of  about  G-S  metres 

a  second.  The  secondary  waves  are  produced  by  the  elastic  vibra- 
tions of  the  wall  of  the  large  arteries  which  result  from  their  sudden 
distension.  The  first  secondary,  or  predicrotic  wave  is  probably  pro- 
duced by  the  final  contraction  of  the  base  of  the  heart,  which  wrings 
the  blood  out  of  the  ventricle.  The  second  or  dicrotic  wave  follows 
the  dicrotic  notch.  The  dicrotic  notch  is  synchronous  with  the  tension 
of  the  closed  semilunar  valves  and  the  second  sound  of  the  heart. 

The  dicrotic  notch  is  caused  by  the  back  swing  of  the  blood  towards 
the  closed  aorta  valves,  and  the  wave  by  the  rebound.  The  size  of  the 
dicrotic  wave  depends  on  ite  relation 
to  that  phase  which  the  primary  wave 
happens  to  be  in,  as  well  as  on  the  con- 
ditions which  increase  the  back  swing 
and  rebound.  A  forcible  beat  and  an 
arterial  system  which  can  quickly  empty 
itself  favour  dicrotiam. 

The  Bphygmograph  fixed  by  a  band 
round  the  wrist  may  act  like  a  plethys- 
mograph,  and  be  affected  by  changes 
of  volume  in  the  limb.  To  avoid  this, 
the  instrument  is  suspended,  and  thus 
applied  to  the  artery  without  use  of  the 

ing  this  device,  and  forcibly  inspire  and 


Dudfe-Boii'i!  ijihygmograph. 


Take  another  pulse  tracing,  i 
expire  during  the  record. 

A  deep  intercostal  respiration,  if  not  prolonged,  yields  a  fall  of 
pressure,  and,  conversely,  a  deep  diaphragmatic  inspiration  yields  a 
rise.  But  the  etfcct  of  respiration  is  very  complex,  and  it  is  difficult  to 
say  what  the  efTect  of  normal  respiration  in  any  individual  case  will  be. 
The  ordinary  statement  that  inspiration  raises  and  expiration  lowers 
blood  pressure  is  not  borne  out  by  the  records.  (T.  Ijcwia.)  The 
pressure  fulls  during  forced  breathing.  The  fall  occurs  with  inspiration, 
and  is  caused  by  the  violent  contraction  of  the  diaphragm  obstructing 
the  vena  cava  inferior. 

In  Valsalva's  experiment,  a  deep  expiration  with  mouth  and  nose 
shut,  the  abdominal  and  arterial  pressure  rise.  A  stiff  walled  rubber 
tube  inserted  into  the  rectum  and  connected  with  a  manometer 
indicates  the  big  changes  of  abdominal  pressure  thus  produced,  e.g. 
+  20- +  90  mm.  Hg. 

Blood  Pressure  in  Han. — The  pressure  may  be  measured  by  the 
Leonard  Hill  sphygmometer.     This  consists  of  a  graduated  glass  tube, 
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Pio.  154.— Sphygmoffmpb  proTldM  with  timo  writer  (JkcqucL) 
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which  haa  a  small  air-chamber  above.  Near  the  open  end  ia  a  side 
hole-  the  zero  of  the  scale.  On  placing  the  open  end  in  water,  a 
meniscus  rises  to  the  side  hole. 

A  short  length  of  rubber  tubing,  attached  to  a  rubber  bag,  is  slipped 
over  the  open  end  so  as  to  cover  the  side  hole.  The  bag  is  half 
distended  with  air,  and  is  enclosed  in  a  silk  cover.  The  bag  being 
enclosed  by  the  palm  of  the  hand,  and  the  gauge  held  erect  between 


L 


the  fingers,  the  bag  is  pressed  down  upon  the  radial  artery  of  the 

subject,  the  thumb  exerting  counter  pressure  against  the  fiiick  of  the 
wrist.  Tho  index  finger  of  the  other  hand  feels  when  the  pulse  is 
obliterated,  while  the  second  finger  prevents,  if  necessary,  the  pulse 
getting  through  from  the  anastomoses  with  the  ulnar  artery.  The 
water  used  for  the  meniscus  is  made  alkaline  with  potash  to  avoid  the 
efTect  of  grease  in  the  tube.  If  the  meniscus  does  not  rise  to  the  side 
hole,  blow  through  this  and  try  again. 

The  air-chamber  acts  as  a  spring,  and  the  instrument  is  a  spring 
manometer,  The  meniscus  is  set  before  each  reading,  so  as  to  avoid 
errors  due  to  alterations  of  temperature  and  barometric  pressure.     The 


k 
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instrument  is  graduated  empirically.  While  taking  the  reading  the 
hand  of  the  subject  must  be  plttccd  on  the  same  level  as  the  heart,  ao  as 
to  avoid  the  influence  of  gravity. 

MeaBuiement  of  Systolic  Pressure  with  HiU-Bamard  Armlet 
and  Mercurial  Manometer. — Strap  the  armlet  lightly  around  the 
middle  of  the  upper  arm.  Palpate  the  radial  artery.  By  working  the 
pump,  raise  the  pressure  in  the  cufT  until  tfae  radial  pulse  ia  imper- 
ceptible. Now  maui[)uiat«  the  exhaust  atop  cock  bo  that  the  pressure 
in  the  cuff  very  gradually  falls,  and  observe  carefully  the  height  of  the 
mercury  in  the  manometer.  Whenever  the  radial  pulse  reappears, 
note  the  pressure.  CVtiitinue  the  decompression  (beat  by  slightly 
lowei-ing  it  a  few  mm.  at  a  time),  and  note  the  pulsations  of  the 


mercury,  which  became  evident  at  the  systolic  pressure,  get  gradually 
of  greater  amplitude  until,  by  further  lowering  of  pressure,  they  become 
smaller  again.  The  pressure  at  which  the  pulsations  are  of  maximal 
amplitude  is  the  diastolic  pressure. 

The  difference  between  the  two  pressures  is  \AiK  prcsmre  jnilse. 

Repeat  the  above  observations  until  constant  results  are  obtained. 
Then  let  the  observed  person  run  up  and  down  stairs  several  times, 
and  repeat  the  observations. 

Try  the  effect  of  putting  the  hand  in  very  hot  water,  and  palpat* 
the  art«ry  at  the  elbow  and  wrist.  The  pulse  will  disappear  earlier  at 
the  wriat.  A  contracted  artery  conducts  the  crest  of  the  systolic  wave 
better  than  a  softened  artery.  The  effect  of  the  hot  water  is  more 
evident  after  exertion,  when  the  pulae  waves  are  larger. 

The  ayatolic  arterial  pressure  is  100-110  mm.  Hg  in  healthy  young 
men.  It  may  fall  during  sleep  10-20  mm.  Hg,  and  rises  to  130-140  and 
to  even  200  mm.  Hg  during  mental  excitement  or  severe  effort.  The 
arterial  pressure  is  as  constant  as  the  body  temperature  from  day  to 
day.  In  the  horizontal  posture  the  arterial  pressure  will  be  found  to 
be  the  same  in  all  the  big  arteries.    In  the  erect  posture  the  pressure  is 
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higher  in  the  poBUtibial  than  in  the  brachial  by  the  height  of  the 
column  of  blood  which  separates  the  two  arlories.  The  effect  of  gravity 
is  compensated.  The  reverse  is  the  eft'ect  in  states  of  debility,  and  the 
pulse  frequency  is  then  greatly  accelerated  in  the  vertical  posture. 
The  venous  pressure  may  be  obtained  by  placing  the  armlet  round  the 
fore-arm,  raising  the  pressure  in  it,  emptying  the  blood  out  of  a  vein 


above  the  armlet  by  digital  pressure,  and  then  diminishing  the  pressure 
until  the  vein  suddenly  Eills.     Note  the  pressure  when  this  happens. 

Place  the  other  armlet  round  the  upper  arm  nod  raise  the  pressure  in 
it  nearly  to  the  systolic  pressure,  keep  it  at  that,  and  observe  that 
the  venous  pressure  rises  after  a  minute  or  so  to  this  pressure.  Observe 
the  effect  on  the  veins  of  holding  the  arm  in  the  dependent  posture 
and  motionless,  of  contracting  the  muscles,  of  raising  the  arm,  eto. 


CHAPTER  XXXIII. 


Oowera-Halduie  Haemoglobmometer. — The  maximal  error  of  this 
admirable  instrument  is  not  more  than  0'8  per  cent.  The  standard 
solution  in  tube  D  is  a  1  per  cent,  solution  of  ox  blood  saturated  with 
coal  gas.'  The  oxygen  capacity  of  the  ox  blood  from  which  the 
standard  was  prepared  was  18-5  per  cent.  This  was  determined  by 
'  Goal  g&B  oontaina  carbon  Dionoxide  as  aa  Itnpiiritj. 
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displai^iiig  ihe  oxygen  fnrai  laked  ox  blood  with  ferri-cyauide  of 
potassium,  and  measuring  the  amount  of  gas.  The  percerilaiga  of 
haemoglobin  eorreapoiidiug  to  1»'5  per  cent,  is  about  13-8  per  cent. 
The  normal  human  blood  when  saturated  with  CO  and  diluted  with 
water  to  the  mark  100  in  tube  C  corresponds  in  tint  to  the  standard, 
and  has  therefore  an  oxygen  capacity  of  185  per  cent. 

Arid  dislillod  water  to  tube  U  up  to  the  mark  20.  Take  exactly  20 
c.mm.  of  bloo<l  in  the  pipette,  and  blow  it  into  C.  Pass  a  narrow  glass 
tube  connected  with  a  gas  burner  into  the  free  part  of  tube  U.  Turn 
the  gas  on  and  push  the  glass  tube  down  near  to  the  l>lood.  The  gas 
tube  is  then  withdrawji,  and  lube  U  quickly  dosed  with  the  finger  to 


prevent  the  gas  escaping.    The  tube  is  then  inclined  up  and  down  aljout 
a  dozen  limes,  so  that  the  haemoglobin  becomes  witurated  with  CO. 

Distilled  water  is  then  added  drop  by  drop  from  the  dropping 
pipette  A,  until  the  tint  appears  efjuid  to  the  standard.  After  half  a 
minute  read  the  percentage,  and  then  add  another  drop  or  drops  till 
the  tints  appear  just  unequal.  Reail  the  percentage  again,  aud  take 
the  mean  of  the  two  readings  as  correct.  In  compai-ing  the  tints  hold 
the  tulws  against  the  skylight,  and  frequently  change  the  tubes  from 
side  to  side.  Many  other  forms  of  haemoglobitiometer  have  been  con- 
trived, but  in  corapurison  with  this  instrument  none  of  them  are  worth 


The  number  of  Corpuscles  in  the  Blood.— The  Thoma-Zeiss  Haema- 
cytometer  coiiaistB  uf  a  coiniting  chamber  and  an  accurately  calibrated 
pipette. 
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The  finger  behind  the  nail  ia  cleaned  witb  alcohol  and  ether,  and  a 
drop  of  blood  is  drawn  by  the  Htab  of  a  lancet-ehaped  needle.  The 
finger  should  not  be  constricted  by  a  ligature  during  ihis  operation. 
The  point  of  the  pipette  is  placed  in  the  drop,  and  the  blood  is 
aspirated  aa  far  as  the  mark  1.  The  traces  of  blood  on  the  point 
of  the  pipette  are  then  removed,  and  the  pipette  is  dipped  into 
Hayem's  fluid.' 

This  fluid  is  sucked  up  until  the  diluted  blood  reaches  the  mark  101. 
The  tip  of  the  mouth-piece  is  then  closed  by  the  finger,  and  the  pipette 
shaken.  The  glass  bead  in  K  mixes  the  blood  and  Hayem'a  fluid. 
The  bulb  contains  1  part  blood  and  99  Hayem's  fluid. 
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C.  Zeiss 
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'  blow  gently  into  the  mouth-piece,  reject  the  first  few  drops, 
and  then  place  a  drop  upon  the  centre  of  the  counting  chamber.     The 
cover-slip  ia  then  placed  in  position,    and  the  counting   chamber  is 
place<l  on  the  stage  of   the  microscope,  and  left  at  rest  for  a  few 
I  minutes.     When  the  corpuscles  have  subsided,  count  the  number  in 

■  10  squares,   and    take    the   average.      Count  those   corpuscles  which 

I  happen    to   lie   on    the   lines   on    two   sides   of   each   square   only. 

I  Each  square  covers  an  area  of   jj^  sq.  mm.,  and  has  a  volume  of 

I  hfVo   e.mm.,    therefore    1    c.mm.    contains    4000    times    the    average 

I  number  found  in  a  square.     The  dilution  of  the  blood  was  1100. 

I  Thus  the  number  in  a  square  x  4000  x  I00  =  number  of  corpuscles  in 

I  1  c.mm.  of  blood. 

I  In  counting  the  white  corpuscles  it  is  best  to  dilute  the  blood  with 

I  1  per  cent,  acetic  acid.     This  destroys  the  red  corpuscles  and  brings 

I  the  white  clearly  into  view.     By  comparing  the  number  of  the  red 

L 


'Sodium  chloride,  g.  S 
w&ter,  g.  400. 


■odiDm  mlphale,  g-lO; 


Bablimate,  g.   I 
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corpuscles  in  n  square  with  the  percentage  of  the  hikemoglobiii,  the 

worth  of  the  corpuscle  in  haenioglobin  ia  obtained. 

%  ot  Hb  ,  ,    , 

'"    .  -       =  '  worth    of  corpuscles. 
No.  in  sq.  '^ 

The  average  imrabcr  of  red  corpuscles  is  5,000,000  per  1  cmnL^  of 
white,  10,000  per  1  c.mm.' 

Specific  Ora,vit]r  of  the  Blood.— A  number  of  teat  tubes  are  taken 
and  filled  with  mixtures  of  glycerine  and  water,  which  vary  in  specific 
gravity  from  1030  to  1075.  A  pipette  is  taken  with  the  point  bent 
at  a  right  angle.  The  skin  is  pricked  behind  the  finger  nail,  and  a 
drop  of  blood  is  drawn  into  the  pipett«.  The  blood  is  blown  in  small 
droplets  into  the  middle  of  the  Bolntiou  in  sevenil  of  the  test  tubes 
until  the  solution  is  found  in  which  the  blood  neither  sinks  nor  rises. 
The  specific  gravity  of  this  solution  is  determined  with  the  hydrometer. 
The  behaviour  of  the  droplet  must  be  noted  at  the  moment  when  it 
enters  the  solution.  The  blood  quickly  alters  owing  to  osmotic  change. 
The  specific  gravity  of  the  blood  is  about  1060,  of  the  plasma  1026-29, 
The  specific  gravity  of  fragments  of  muscle  or  other  tissues  may  be 
determined  in  the  same  way.  The  method  is  thus  employed  to  deter- 
mine the  amount  of  tissue-lymph  in  the  organs. 


CHAPTER  XXXIV. 
CIRCULATION  OP  THK   BLOOD  [ELEMENTARY   DEMONSTRATIONS). 

Proofs  of  the  Oirculation  of  the  Blood.— A  mammul  is  anaesthetised 
with  ether  and  chloroform. 

The  external  jugular  vein  is  exposed  and  the  carotid  art«ry.  A  clip 
is  placeil  on  the  jugular  vein.  Note  the  central  end  of  the  vein 
empties,  while  the  peripheral  end  becomes  enlarged.  A  clip  is  next 
placed  on  the  carotid  artery,  the  central  end  becomes  distended  and 
pulsates,  while  the  peripheral  end  shrinks  and  ceases  to  pulsate.  The 
clips  are  now  removed  and  two  ligatures  placed  in  position  (but  not 
tietl)  under  each  vessel.  The  vein  is  pricked.  Note  the  dark  blood 
which  flows  out  from  the  peripheral  end  steadily  and  without  force. 
The  vein  is  then  tied  above  and  below  the  opening.  The  artery  is 
next  pricked.  Note  the  blood  spurts  out  forcibly  and  in  jets  from  the 
central  end.     The  artery  is  then  tied  above  and  below  the  opening. 

'  After  usinit.  clean  the  pipeltea  of  these  inatranieati.  Suck  water,  alcohol,  and 
ether  up  them  in  turn,  and  let  the  liijuiils  run  out.    Never  blow  down  the  pipette*. 
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A  tracheal  cauuiilii  is  placed  ii 
the  artificial  respiration  apparatut 
mid-line,  and  the  thorax  opened, 
pericardium  is  slit  open.    Obstu'vi 


the  trachea  and  connected  with 

The  Bternum  is  divided  in  the 

so   as  to  expose   the  heart.     The 

the   systole  and  diastole   of   the 


Fin.  ISI.-SiinpIo  uixIlI  U  show  Urn  ttfttt  »r  gnvlty  uii 

auricular  appendices  and  ventricles.  Ligatures  are  now  possal  under 
the  superior  and  inferior  venae  cavae  and  tightened.  The  heart 
quickly  empties.  On  loosening  the  ligatures  observe  the  immediate 
filling  of  the  right  heart.  A  ligature  is  next  passed  under  the  aorta 
and  tightened.  Observe  the  engorgement,  flrstly,  of  the  left,  and  then 
the  right  heart.  On  loosening  the  ligature  note  the  eftect.  A  ligature 
is  next  passed  mider  the  pulmonary  artery  and  lightened.  The  right 
heart  becomes  engorged  while  the  loft  empties.  On  loosening  the 
ligature  note  the  result  The  heart  is  now  excised,  the  right  ventricle 
quickly  opened.  The  papillary  muscles  may  be  observed  contracting 
synchronously  with  the  ventriculwr  wall. 


The  Flow  in  Rigid  and  Elastic  Tubes.— Arrange  an  experiment  as 
shown  in  figure  132.  The  two  tubes  are  1  metre  long  and  of  the  same 
bore,  but  one  is  a  rigitl  tube  and  the  other  elastic.    A  toy -rubber  balloon 
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iDsertail  in  the  course  of  a  glass  tiilw  will  act  better  than  a  rublier  tube. 
The  middle  of  a  piece  of  glass  tube  is  drawn  out  into  capillary  Mse 
and  divided,  so  that  outflow  orifices  are  obtained  of  the  same  size. 
Rhythmical ly  open  and  shut  the  compressor.  The  flow  from  the  rigid 
tube  is  intermittent,  while  from  the  clastic  tube  it  is  continuous.  The 
latter  delivers  more  fluid  in  one  minute  than  the  former.  Observe  that 
the  outflow  from  the  elastic  tube  becomes  intermittent  when  the  outflow 
orifice  is  enlarged.  The  increased  and  continuous  flow  from  the  elastic 
tube  is  due  to  the  potential  energy  stored  up  in  the  stretched  wall  of 
the  tube,  which  maintains  the  flow  during  diastole. 

The  Artiflcial  Schema.— The  two  ends  of  a  Higginson  syringe  B  are 
connected  with  a  soft  rubber  tube  about  J  inch  in  diameter  and  a  yarri 
long.  The  tube  divides  into  two  channels  :  {!)  a  short  length  of  wide 
glass  tube  (a  lamji  chimney  with  a  cork  will  do)  iillwl  with  shot  repre- 
senting the  capillaries,  (2)  a  rubber  tube  closed  by  a  screw-clip.  The 
screw-clip  represents  the  muscular  wall  of  the  arterioles.  These  are 
connected  with  the  inner  tube  of  a  bicycle  tyre,  which  represents  the 
capacious  venous  system.  A  mercury  manometer  is  contiected  hy  a  J_ 
tube  with  the  artery  and  another  with  the  vein.  A  loose  cotton  wad 
plug  is  placed  in  the  open  end  of  each  manometer  to  prevent  the 
mercury  being  accidentally  forced  out.  The  system  is  filled  with 
water,  and  air  removed  by  tilting  the  board  to  which  the  schema  is 
fixed  and  working  the  pump;  the  air  is  allowed  to  escape  through  a 
side  tube  at  the  top  of  the  schema.  The  schema  is  filled  only  so  far 
that  the  vein  is  not  distended  and  there  is  no  )>oaitivc  pressure  when 
the  pump  is  at  rest,  so  as  to  repi-esent  the  conditions  in  the  dead  body. 
The  bulb  of  the  syringe  may  be  worked  by  hand.  The  valves  act  as 
the  mitral  and  aortic  valves.  When  the  screwelip  is  widely  open, 
there  is  little  resistance  to  flow.  The  outflow  from  the  artery  into  the 
vein  ceases  during  the  diastole  of  the  syringe.  The  conditions  are  the 
same  as  if  the  artery  were  a  rigid  tube.  The  diastolic  and  systolic 
variations  of  pressure  are  very  great,  and  aflect  both  manometers  to  a 
like  extent.  Screw  up  the  clip.  The  flow,  as  the  resistance  increases, 
becomes  less  and  less  int«rmillcnt  and  finally  continuons.  The  mean 
pressure  rises  in  the  arterial  manometer.  The  systolic  and  diastolic 
variations  of  prosaure  become  greatly  reduc.ed.  The  aystolie  variation 
disappears  in  the  venous  manometer.  When  the  vascular  system  la 
formed  of  a  wide  tube  free  from  constrictions,  each  systolic  pulse-wave 
travels  with  so  great  a  velocity  that  the  whole  system  reaches  the  same 
pressure  before  tho  next  systole  of  the  heart  occurs.  The  conditions 
are  otherwise  when  the  clip  is  screwed  up,  for  tho  friction  of  the  blood 
flowing  through  the  narrow  channels  prevents  the  blood  from  passing 
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with  anything  like  the  velocity  of  the  pulse-wave.  In  the  vascular 
system  the  puke-wave  travels  in  the  arteries  8  metres  per  second,  while 
the  blood  travels  J-metre. 

The  resistance  to  flow  is  chiefly  situated  in  the  arterioles,  where  the 
velocity  is  high.  It  is  due  to  the  friction  of  the  moving  concentric  layere 
of  blood  against  one  another,  and  against  the  stationary  layer  which 
wets  the  walls  of  the  blood  vessels.  It  is  proportional  to  the  surface 
area,  to  the  viscosity  of  ^e  blood^nearly  proportional  to  the  square 


of  the  velocity  of  flow,  and  inversely  proportional  to  the  sectional 
area  of  the  vessel.  In  the  arterioles  the  velocity  is  high,  the  total  wall 
surface  wet  by  the  blood  great,  the  sectional  area  of  each  ari^riole  very 
small. 

In  the  schema  the  resistance  is  increased  by  diminishing  the  sectional 
area  of  ths  arterioles  and  increasing  the  velocity  of  flow.  Owing  to 
the  resistance  to  the  outflow  the  arteries  are  expanded  by  each  systolic 
output,  and  the  elasticity  of  their  walls  comes  into  play,  causing  the 
outflow  to  continue  during  the  succeeding  diastole  of  the  heart.  The 
larger  part  of  the  kinetic  energy  of  the  systolic  outflow  is  stored  up  as 
potential  energy  by  the  stretched  art«ries,  and  converted  into  kinetic 
energy  during  diastole. 

Stop  the  pump,  the  pressures  in  the  manometers  fall  to  the  same 
l9vel,     Stdrt  the  pump  again.    The  fluid  is  taken  from  the  vein  and 
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piled  lip  in  the  artery,  for  at  each  systole  a  greater  quantity  of  blood 
is  driven  into  the  art«ry  than  can  escape  through  the  capillariea.  With 
each  Bucceediiig  systole,  therefore,  the  pressure  in  the  artery  rises,  and 
the  pressure  in  the  vein  falls.  Venous  pressure  cannot  sink  below  the 
atmospheric  pressure,  for  the  flaccid  walls  of  the  veins  collapse.  The 
venous  side  is  capacious,  and  possesses  little  elasticity.  Thus  the 
changes  of  pressure  in  the  venae  cavae,  when  the  heart  is  arrested  or 
starts  beating,  are  insignificant.  A  slight  positive  pressure  is  maintained 
in  the  veins  by  the  action  of  the  muscles,  which,  at  every  movement  of 


n 


the  body,  forces  the  blood  on  past  the  venous  valves  and  overcomes  the 
efl'ect  of  gravity.  Raise  the  end  of  the  board  to  which  the  pump 
{heart)  is  attached.  The  water  under  the  influence  of  gravity  distends 
the  lower  part  of  the  vein,  the  upper  part  empties,  and  the  circulation 
is  impossible.  Compress  the  lower  part  of  the  vein  with  your  hands 
and  the  circulation  is  restored.  This  shows  the  efiect  of  relaxation  of 
the  muscles  in  fainting  and  the  method  of  restoring  the  subject  by 
compressittg  the  abdomen. 

The  continuous  flow  of  blood  established  through  the  capillaries  is 
due  to  the  difTerence  between  the  pressure  in  the  arteries  and  veins. 
This  difleronce  depends:  on(l)  the  energy  of  the  heart,  (2)  the  elasticity 
of  the  arteries,  (3)  the  peripheral  resistance.  The  energy  of  the  heart 
is  spent  in  overcoming  the  resistance,  and  is  dissipated  into  heat. 

Vary  (1)  by  lessening  the  rate  of  the  pump;  vary  (2)  by  opening 
the  screw-clip— the  difference  in  pressure  diminishes  in  either  case, 
and  the  flow  becomes  intermittent.     When  the  screw*clip  is  open  a 
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very  froqiient  bent  of  the  pump  is  required  to  imike  the  flow  con 
tiniious,  and  scarcely  any  fluid  pasaos  thraiigh  the  capillary  tube. 
By  meana  of  the  vaso- motor  nerves  the  arterioles  are  similarly 
dilated  or  constricted,  and  the  current  switched  on  to  or  off  an 
organ,  acconliiig  to  its  functional  activity. 

■Velocity  of  Flow.— (1)  Insert  the  Liidwig  stromiihr  (Fig.  135) 
into  the  artery.  It  is  convenient  to  fill  one  aide  with  water,  and 
leave  the  other  full  of  air.  In  Jictual  practice  one  tube  is  filled 
with  dcfihrinated  blood  and  the 
other  with  oil.  Set  the  pump 
going,  and  find  the  number  of 
limes  the  stromuhr  must  be  turned 
per  minute.  Turn  rapidly  the 
moment  the  water  reaehee  the 
mark  A'.  Each  turn  means  the  flow 
"t  the  quantity  of  water  con- 
tained in  one  half  of  the  stromiihr. 
Measure  the  CJipacity  of  the 
stromiihr  and  the  diameter  of 
tiio  artery.  The  capacity  of  half 
the  stromiihr  multiplied  hy  the 
number  of  revolutions  gives  the 
voUime,  and  this  divided  by 
the  time  and  the  sectional  area 
of  tlie  art«ry  gives  the  mean  velo- 
city per  second.  The  sectional 
area  of  the  artery  equals  the 
radius  x  S'H. 

Note  the  etfeet  on  the  velocity 
Pio.  1M.-TUD  rtromohr.  of    {])   opening  the   elip    on    the 

rubber  tube,  (2)  of  incrcitaing  the  frequency  of  the  pump. 

If  the  energy  of  the  heart  is  constant,  then  in  proportion  aa  the 
peripheral  resistance  increases  so  the  lateral  pressure  rises  and  the 
velocity  in  the  aorta  lessons.  On  the  other  hanil,  as  the  peripheral 
resistance  decreases  the  presaure  falls  ,ind  the  velocity  increases.  If 
the  peripheral  resistance  be  constant,  then  as  the  energy  of  the 
heart  increases  or  decreases  both  the  preasiirQ  and  the  \'elocity  in 
the  aorta  together  1>ecomo  greater  or  less.  Hy  compensatory  changes 
taking  place  in  the  heart  and  the  resistance,  the  velocity  may 
remain  conatftnt  while  the  pressure  varies,  or  the  pressure  may 
remain  constant  while  the  velocity  varies. 

The  average  velocity  at  any  part  of  the  vascular  system  is  inversely 
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proportional  to  the  total  cross  section  at  that  part.  If  the  total  cross 
section  of  any  one  part  of  the  circuit  be  dilated  the  velocity  becomes 
slower  there,  while  it  proportionately  increases  in  the  other  parts. 
This  must  be  so  if  the  blood  continues  to  circulate  round  the  whole 
system  in  the  same  time.  Vaso-dilatation  in  one  part  is  normally 
compensated  for  by  constriction  in  other  parts. 

Velocity  in  the  Oftpillaiies.— Pith  the  cerebrum  of  a  frog  and 
plug  the  hole.  Lightly  curarise  the  frog,  and  apread  the  web  over 
the  hole  in  the  web-board.  Examine  the  circulation  under  the 
microscope,  and  with  the  aid  of  an  ocular  micrometer  and  a  clock 
beating  \  seconds  measure  the  time  it  lakes  for  a  red  corpuscle  to 
move  through  yjg  mm.  Note  in  an  arteriole  that  the  red  corpuscles 
move  the  fastest  in  the  axial  stream,  while  the  whit«  corpuscles  roll 
slowly  along  the  margin. 

Place  on  the  web  a  drop  of  hot  water  (50' -60°  C).  The  flow  at 
first  is  accelorated  owing  to  vasodilatation,  but  soon  slackens  as 
the  red  corpuscles  clump  together  owing  to  the  escape  of  the  plasma 
through  the  damage<l  capillary  walls. 

The  Influence  of  Otsvitr  on  the  Circulation  of  the  Snake. — Pith 
the  brain  of  a  grass  snake  or  eel.  (This  experiment  can  be  carried 
out  on  the  frog,  but  is  less  striking.)  Fasten  the  animal  on  to  a 
board.  Expose  the  heart,  which  may  be  seen  boating  beneath  the 
skin,  about  2-3  inches  below  the  mouth.  Place  the  animal  head 
down  in  the  vertical  position.  Notice  the  pericardium  prevents  the 
over-distension  of  the  heart  by  the  weight  of  the  superincumbent 
column  of  blood.  Slit  open  the  pericanlium  and  observe  the  result. 
The  heart  becomes  greatly  congested.  This  is  especially  marked  in 
the  eel,  when  retlexly  excited  t^i  writhe.  Turn  the  animal  head 
uppermost.  The  heart  gradually  empties,  and  becomes  at  last  pale 
and  bloodless.  Slowly  tilt  the  board  and  observe  the  blood  as  it 
runs  up  the  inferior  vena  cava  and  fills  the  heart  Place  the  animal 
again  in  the  vertical  postnre  (hcail  up),  and  observe  that  the  heart 
fills  (a)  on  compressing  the  aI)domen  from  below  upwards  (b)  on 
sinking  the  animal  in  a  bath  of  water  up  to  the  level  of  the  heart. 
In  (b)  the  weight  of  the  water  outside  tends  to  balance  the  weight 
of  the  blood  within. 

The  vagus  nerve  may  easily  be  found  at  the  side  of  the  neck  in 
the  snake,  and  the  effect  of  its  excitation  noted.  In  the  eel  reflex 
inhibition  of  the  heart  is  very  easily  brought  about  by  striking  the 
abdomen  or  gills. 

Demonstration  of  Vaso-Uotor  Nervea. — A  white  rabbit  is  chosen, 
or  one  with  a  white  ear;  the  brain  of  the  animal  is  pithed  and 
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artificial  respiratiott  established  at  once;  a  tube  is  put  iuto  trachea 
and  connected  with  a  Bmall  hand  bellows;  the  ear  is  shaven  and 
fixed  by  threads  to  a  loop  of  stout  wire.  This  wire  is  clamped  in 
front  of  the  lantern,  so  that  the  blood  vessels  in  the  ear  can  be 
plainly  seen.  The  cervical  sympathetic  is  exposed  in  the  neck, 
where  it  lies  behind  the  carotid  artery,  and  is  traced  up  to  the 
superior  cervical  sympathetic  ganglion.  The  thread  is  tied  round 
the  nerve,  and  the  latter  is  cut.  Observe  that  at  this  moment  the 
blood  vessels  in  the  ear  dilate  and  the  ear  becomes  warmer  The 
palpebral  fissure  at  the  same  time  becomes  narrowed.  The  change 
will  be  much  more  marked  had  the  ear  of  the  rabbit  been  previously 
exposed  to  cold.  The  cervical  sympathetic  exercises  a  tonic  action. 
On  exciting  the  peripheral  end  of  the  nerve  with  the  faradic  current, 
the  vessels  in  the  ear  will  be  seen  to  constrict,  and  this  will  take 
place  to  such  a  degree  that  all  the  smaller  vessels  will  disappear 
from  view.  The  ear  will  at  the  same  time  become  several  degrees 
cooler.  Note  that  the  latent  time  is  considerable  between  the 
excitation  and  the  effect.  Note  that  the  pupil  also  dilates,  the 
nictitating  membrane  retracts,  and  the  palpebral  tissue  is  widened. 
The  eyeball  at  the  same  time  projects  forwards  The  pii  pi  Ho  dilator 
fibres  nriso  from  the  tiist  three  thoracic  anterior  roots,  the  vaso- 
constrictor fibres  from  the  second  to  the  fifth,  and  even  to  the 
seventh,  in  the  rabbit.  If  the  superior  cervical  sympathetic  ganglion 
be  painted  with  nicotine,  excitation  of  the  preganglionic  fibres  will 
no  longer  have  any  effect  on  the  ear,  while  excitation  of  the  post 
ganglionic  fibres  will  still  be  effectual.  The  sympathetic  fibres  to 
the  hea<l  have  their  cell-stations  in  this  ganglion. 

The  Circulation  Time  of  the  lesaer  Circulation.— The  carotid  artery 
is  exposed.  A  piece  of  thin  rubber  membrane  is  placed  beneath  it. 
Between  the  membrane  and  the  artery  a  piece  of  white  paper  is 
inserted.     The  artery  is  illuminated  by  a  strong  light. 

The  external  jugular  vein  is  exposed  on  the  other  side  of  the 
neck,  a  clip  is  place^l  on  the  vein  below  and  it  is  tied  above,  and 
into  its  central  end  a  cannula  is  inserted.  The  vein  cannula  is 
connected  with  a  glass  syringe  containing  a  0*2  per  cent,  solution 
of  methylene  blue  in  physiological  saline  at  Ixtdy  temperature.  Put 
a  screw  clip  on  the  piston  so  that  one-third  of  the  contents  shall 
bo  ejected.  The  clip  is  removed  from  the  vein  and  at  a  signal 
from  the  assistant  who  times  the  experiment  the  syringe  is  pressed. 
The  stop-wHteh  is  stopped  by  the  assistant  the  moment  the  blue 
appears  in  the  artery.  The  observation  is  repeated  several  times 
with  the  same  amount  of  injection. 
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Demonstration  of  Artorial  &nd  Venous  Pressore  by  the  Method  of 
Stephen  Hales.— An  incision  is  made  in  the  raid-line  of  the  neck, 
from  the  larynx  to  the  sternum  of  the  anaesthotiaed  cat.  The 
skin-flapa  are  pulled  apart,  and  the  sterno- mastoid  and  sterna-thyroid 
muscles  separated,  so  as  to  expose  the  carotid  artery.  With  an 
aneurism  needle  the  artery  is  freed  from  the  carotid  sheath  for  the 
space  of  about  an  inch.  Two  ligatures  are  then  placed  beneath 
the  artery,  and  one  is  tied  at  the  upper  end  of  the  exposed  portion. 
On  the  lower  end  an  artery  clip  is  placed.  With  sharp  scissors  nii 
oblique  cut  is  next  made  into  the  artery,  and  the  noszle  of  the 
arterial  cannula  is  inserted,  and  tied  in  with  the  second  ligature. 
I.astly  the  ends  of  this  ligature  are  brought  round  the  bulb  of  the 
caimula,  and  tied  to  make  the  connection  secure. 

The  arterial  cannula  is  J_  shaped  and  provided  with  a  bulbous 
enlargement.     This  shape  is  chosen  hoth  to  hinder  clotting  and  to 


facilitate  the  washing  out  of  clots.  One  limb  of  the  J_  ia  fitted  with  a 
short  piece  of  rubber  tube,  and  this  is  closed  by  a  piece  of  glass  rod  or 
a  clip.  The  other  limb  is  connected  by  a  short  length  of  thick  rubber 
tube  (pressure  tubing)  to  a  long  length  of  fine  bored  glass  tubing.  The 
latter  must  be  at  least  5  feet  in  length,  and  is  held  in  the  vertical 
position  by  a  clamp.  The  glass  tube  and  cannula  are  filled  with 
I  per  cetit.  sodium  citrate,  and  this  decalcifies  the  blood  and  so 
prevents  clotting.  The  solution  is  coloured  with  methylene  blue,  and 
a  long  strip  of  white  paper  scaled  in  centimetres  is  placed  behind 
the  tube. 

By  cutting  through  the  attachment  of  the  sterno-mastoid  muscle,  the 
junction  of  the  jugular  with  the  subclavian  veins  is  next  exposed.  The 
innominate  vein  is  picked  up  and  cleaned  with  the  aneurism  needle. 
Two  ligatures  arc  placed  under  it,  and  a  clip  on  the  part  nearest  the 
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heart.  One  of  the  ligatures  ia  tied  round  the  junction  of  tho  jugular 
and  aubcliivian  veins.  As  the  vein  is  clipped  before  the  ligature  is  tied, 
it  becomes  distended  with  blood,  and  this  facilitates  the  introduction  of 
the  cannula.  The  straight  vein  cannula  is  connected  with  a  short 
length  (1  foot)  of  glass  tubing.  The  latter  is  clamped  in  the  vertical 
position,  and  is  filled  with  sodium  citrate  solution.  The  cannula  is  also 
filled  with  soflium  citrate  solution,  and  to  retain  the  solution  a  clip  is 
placed  on  tho  rubber  tube,  which  connects  the  cannula  with  the  glass 
tube.  The  positive  pressure  in  the  glass  tube  must  not  be  more  than 
3  t«  4  inches  of  the  solution. 

The  innominate  vein  is  now  slit  and  the  cannula  introduced.  Then 
the  clip  on  the  vein  is  i-emoved,  and  the  cannula  is  pushed  down  Into 
the  superior  vena  cava.  The  clip  on  the  rubber  tul>e  is  next  opened  so 
as  to  place  the  venous  cannula  in  connection  with  the  vertical  tube. 
The  tinid  in  this  will  now  oscillate  with  each  respiration  at  a  level  of 
alwut  2-3  inches.  The  clip  on  the  artery  is  next  opened.  The  fluid  in 
the  artenal  tube  will  oscillate  at  a  height  of  about  ■(  to  5  feet.  Notice 
in  each  tube  the  cardiac  pulsations  and  respiratory  oscillations.  The 
arterial  pressure  rises  In  inspiration — the  venous  in  expiration. 

1 .  If  the  abdomen  lie  compressed  the  pressures  will  rise  in  both  the 
artery  and  vena,  but  to  a  greater  extent  in  the  former.  The  heart  is 
better  filled  in  diastole  and  the  peripheral  resistance  is  increased  by  the 
compression  of  the  splanchnic  vessels. 

2.  If  tho  thorax  be  squeezed  so  as  to  compress  tho  heart  and  prevent 
its  filling,  the  art«rial  pressure  will  fall  veiy  greatly,  while  the  venous 
pressure  will  rise  slightly. 

BecoTd  of  Arterial  Pressure,  Effect  of  Excitation  of  the  Vagus  and 
Depressor  Nerves.  Effect  of  Oravity.  Effect  of  Asphjnda.^The 
artery  ia  now  i:!ip()ed,  the  cannula  washed  out,  and  is  connected  to  a 
mercurial  manometer  by  a  piece  of  pressure  tubing,  a  _|_  piece  being 
int-erposed.  The  cannula  and  tube  are  filled  by  means  of  a  pi'essure 
bottle  or  syringe  with  sodium  citrate  1  per  cent,  solution,  and  the 
pressure  in  the  manometer  is  raised  to  about  the  arterial  pressure.  The 
vagus  nerve  is  exposed,  ligatured  in  two  places,  and  divided  between 
the  ligatures.  The  depressor  nerve  is  exposed,  ligatured,  and  divided 
below  the  ligature.  The  depressor  in  the  cat  runs  separately  from  the 
vagus  on  the  left  side.  On  the  right  side  it  can  generally  l>e  Beparat«d 
from  the  rest  of  the  vagus  without  much  difficulty.  In  the  rabbit  the 
depressor  runs  separately  on  both  sides.  In  the  dog  it  is  bound  up  in 
the  vago-sym pathetic  tnmk. 

The  trachea  is  opcneil  and  a  tracheal  cannula  inserted.  This  is  con- 
nected with  the  anaesthetic  iKittle  and  by  a  side  tube  with  a  recording 
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tMnbour.   The  writing  styles  of  the  manometer  float  and  of  the  tambour 
are  brought  to  write  on  the  kymograph  exactly  beneath  one  another. 


A  clock  marking  seconds  and  an  electric  signal  placed  in  the  primary 
circuit  are  also  brought  to  write  on  the  kymograph.  The  primary 
circuit  is  arranged  to  give  tetauisiug  shocks,  and  shielded  electrodes 


I.  IBS.— Eloctnidog  lur  gxcltlng  vmgus  wid  othor 


are  connected  with  the  secondary  coil  by  means  of  a  Du  Bois  key,  and 
are  placed  in  position  under  .the  peripheral  end  of  the  vagus  nerve. 
The  clip  is  then  removed  from  the  carotid  artery  and  the  kymograph 
started.     Note  the  height  of  the  arterial  pressure,  the  cardiac  pulsations. 
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and  tho  respiratory  oscillatioiiB  of  arterial  pressure     The  pulsations 
are  distorted  by  the  momentiim  of  the  mercury. 

The  inspiratory  fall  of  intra- thoracic  pressure  aspirat«B  blood  into 
the    intrathoracic    veins   and   thin    walled   auncles,    and   dilates    the 


rXL  IM.— Honurinl 


pulmonary  vesaels.  The  descent  of  the  diaphragm  expresses  blood 
from  the  liver  and  abdominal  vessels  into  the  right  heart  in  tho  living 
aniTnal.  Thoracic  and  alxlominal  breathing  have  a  contrary  effect. 
Thoracic  breathing  pro<luces  an  inspiratory  fall  of  arterial  pressure,  aud 
abdominal  an  inspiratory  rise. 
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Stimulal*  the  peripheral  end  of  the  vagus  nerve.  The  heart  ia 
inhibited,  and  the  arterial  preesuro  falls.  Coniplet«  arrest  cannot  be 
obtained  in  the  cat.  It  is  easily  obtained  in  the  dog.  In  the  chloro- 
fonned  dog  with  low  bloo<l -pressure,  vagus  excitation,  produced  by 
inhalation  of  concentrated  chloroform   vapour,   may  arrest  the  heart 


.^ 


— Tbo  kjinugraph. 


for  80  long  a  period  as  to  till  the  animal.  This  is  one  cause  ot  chloro- 
form syncope  in  man.  The  heart  soon  escapes  from  vagus  arrest  if 
the  blood  pressure  is  high.  The  pressure  (after  vagus  inhibition)  for  a 
brief  space  of  time  rises  to  a  higher  level. 

The  electrodes  are  now  transferred  to  the  central  end  of  the  vagus. 
Excitation  produces  either  a  slight  rise  (pressor  elTect)  or  a  slight  fall 
(depressor  effect)  of  pressure.  The  heart  rate  is  reilexedly  slowed,  and 
ihe  respiration  is  stopped  with  the  diaphragm  in  inspiratory  spasm. 

The    electrodes  are    next   transferred   to   the   central    end   of    the 
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deprosBor  norve.  On  excitJitioii  the  blood-pressure  slowly  falls,  and 
remaina  at  a.  lower  level  so  long  as  the  excitation  is  maintuined.  The 
rhythm  of  the  heart  is  as  a  rule  unaffected.  The  second  vagus  nervo 
is  now  exposed  and  divided.     The  heart  accelerates,  and  the  arterial 


tiw{Bre  thin  rublwr  I 
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pressure  riaoa.     This  is  very  marked  in  the  morphiniaed  dog.     The 
\'agua  centre  tonically  controls  the  rhythm  of  the  heart. 

The  Effect  of  PoBtnra.^The  animal  ia  placed  ou  a  swing  board,  with 
the  arterial  cannula  in  the  axis  of  rotation.  A  awing  board  can  be 
improviaed  thus  :  through  two  staples  on  the  under  surface  of  the  board 
on  a  level  with  the  point  of  insertion  of  the  carotid  cannula,  an  iron 
nxl  is  paased  and  the  end  of  this  clamped  to  two  stout  retort  atands. 
On  dropping  the  animal  into  the  vertical  posture,  with  the  head  up,  the 
arterial  pressure  falls.     It  may   rise  again  to,   or  oven   beyond,   the 
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normal  level  in  the  cut.     In  ihe  liitteh  rabbit  tlie  pressure  falls,  until 
the  mettullury  cenlres  hecomu  paralysed  from  anaemiik     The  woighlof 


Tho  ■iplrmtluiw  1« 
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the  blood  in  the  vertical  posluvo 
of  the  skeletal  muscles,  and  the  t 


supported  by  the  t«ut  skin,  the  tone 
e  of  the  arterial  syatem. 


*.  FJIort  at  wiKUliK 


The  blood  is  largely  rutunied  to  the  heart  by  tlie  action  of  the  skeletal 
muBclee,  aided  )iy  the  vulves  in  the  veins,  and  the  respiratory  pump. 
If  the  spinal  cord  be  divided  in  the  lower  cervical  region,  or  the 


administration  of  chloroform  be  pushed,  these  mcchanixnis  are  paralysed, 
and  the  blood  congests  in  the  lower  parts,  and  the  heart  fails  te>  fill.  In 
such  case  the  circidation  is  immediately  restored  by  placing  the  animal 
in  the  horizontal  posture. 

AspIiTzia.^The  trachea  is  clamped.     Note  the  scqueneo  of  events. 

Ist  stage:  Res pii-at ions  deeper  and  more  ample;  huitrt  accelerated  and 
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bo  ntiMd  ur  lowarcd  at  uuo  cud,  tit  be  rcventcd. 
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more  forcible.     In  the  normal  animal  loss  of  conscioueness  now  occurs 
and  convulsivo  movements. 

Snd  stage  1  KcspiratioticonvuleiveJesB frequent;  blood  pressure  riBing; 
heart  slow.    At  the  end  of  the  second  stage  the  pupils  dilate  and  omission 
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pUpliV  anlnul  In  larllcsl  bund  iii>  |uliira.  Tba  tanrl  cnirtiod.  On  Uie  ictiirn  lu  Ibg 
borfBDiiUt  pnalumJiscii-culutlun  wwrutorrd.    <L.H.) 

takes  place  of  uririe  jiml  faeces.     The  veins  are  congestetl  with  liUick 
blood. 


3rd  stage:  The  inspii-utions,  which  have  oecunod  at  longer  and  longer 
intervals,  finally  cease,  The  heart  beat«  slowly  niid  with  great  force. 
Finally  the  heart  aeccterateR,  atid  the  blood  pressure  falls  to  zero. 
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CHAPTER  XXXV.  {.Idmiictd). 
THE   HKART. 


The  Contmction  Corre  and 
Latent  Time  of  the  Stanninsed 
Heart. — Expose  the  heart  of  ii 
pithed  frog.  Pass  a  ligature 
under  tha  two  aortae,  »ikI  lI^a^^' 
the  ends  exactly  round  the  whit* 
croaceiitic  line  which  marks  the 
Bino-auncular  jinietioii.  Tie  the 
ligature.  The  sinus  continues  to 
beat,  while  the  auricles  aiul  ven- 
tricles Btatid  still.  Record  the 
heart  by  the  suspension  method. 

Two  needle  electrodes  posscil 
through  a  piece  of  cork  are  piniieil 
in  snch  a  position  that  one  touches 
either  side  of  the  heurt.  The 
drum  ia  set  at  a  moderately  f:ir:t 
rate,  and  the  trigger  key  is  placed 
iu  the  primary  circuit.  A  shnit 
circuiting  key  is  placed  in  the 
secondary  circuit,  and  the  coil  is 
arranged  to  give  a  break  shock 
just  perceptible  to  the  tongue. 
Close  the  short  circuiting  key, 
and  set  the  drum  so  tMaX  the 
striker  is  just  beyond  the  trigger 
key.  Then  close  the  latter.  Place 
the  lever  ut  a  tangent  to  thi; 
drum,  and  bring  the  writing 
point  lightly  in  contact.  Then 
open  the  short  circuiting  key 
and  start  the  drum.  Stop  the 
drum  immediately  after  record 
ing  the  contraction.  Close  the 
short  circuiting  key,  then  close 
the  trigger  key  ;  lastly  open  the 
short  circuiting  key.     Bring  the 
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drum  round  slowly  liy  hand  until  the  atriker  jiiat  opens  the  trigger 
key.  The  heart  will  contract  and  the  lever  write  a  line  marking  the 
moment  of  excitation.  Take  another  curve  with  the  electrodes  placed 
on  either  side  of  the  base  of  the  ventricle.  The  latent  period  will  be 
leas.  In  the  firat  case  the  excitatory  wave  was  delayect  in  the  auriculo- 
veiitriciilar  groove.  With  the  tuning  fork  (100  per  sec.)  take  a  time 
tracing  just  beneath  the  heart  curves,  and  measure  the  latent  period. 
It  eqnaU  about  0-1  sec.  The  periods  of  contraction  and  relaxation 
will  together  last  2  sec.  The  contraction  ia  much  slower  than  that 
of  striated  miisclo. 

Any  StlmuluB,  if  offective,  causes  a  Uaximal  Contraction. —Place  a 

spring  key  and  an  electric  signal  in  the  primary  circnit.  Set  the  drum 
at  a  slow  rate  and  bring  the  heart  lover  and  signal  to  write  on  the 
drum.  Record  the  elfect  of  excitation  at  intervals  of  a  minute  or 
more,  with  varying  airengiha  of  current.  The  heart  gives  'all  or 
nothing,'  i.e.  if  excited  at  all  it  gives  its  full  conti-action. 

The  Beflractory  Period.^Kecord  the  effect  of  throwing  in  a  second 
excitation  («)  during  the  systole,  (i)  during  diastole.  The  heart  is 
refmdorif  during  the  whole  period  of  systole,  i.e.  it  makes  no  response 
to  a  second  stimulus.  The  excitability  returns  with  diastole,  and 
becomes  greater  as  tliaatole  proceeds.     (Fig.  150). 

Staircase  Phenomenon. — A  Stannius  preparation  is  excited  with 
single  induction  shocks  once  in  every  five  seconds.  The  stAtionary 
drum  ia  moved  on  by  2  mm.  between  the  excitations.  The  heights  of 
the  first  four  or  five  contractions  form  an  ascending  series.  The  heart 
responds  to  any  stimulus  which  is  effective  by  a  maximal  eon- 
traction.  The  height  of  the  contraction  depends  on  the  condition  of 
the  heart  muscle,  not  on  the  strength  of  the  stimulus,  so  long  as  the 
latter  is  effcctiie.  For  the  first  few  beats  each  contraction  makes  the 
heart  more  excitable.    The  same  phenomenon  is  ol.iserved  in  the  muscle 
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of  ciirarised  froga  with  iittACt  circuktioii,  and  also  in  the  galvanometrio 
records  of  the  action  t'urrent  of  nerve.  Waller  attributes  the  staircase 
effect  to  the  infliieni-c  of  CO^  formed  Iiy  the  kalalwlisnt  of  the  active 
tissue. 


Sununation  of  Stimali. — Pull  out  the  secondary  coil  nntil  the  break 
iihock  is  just  incilectivc,  and  rhythmically  stimnlate  the  ^tannins  pre- 
paration with  this  inadequate  stiniulus.  The  heart  will  respond  to  the 
repeated  excitation,  and  the  first  few  beats  will  ehuw  the  staircase 
phenomenon. 


CHAPTEft  XXXVI.  {Adranced). 


THK  HEART— Coi 


THE  ACTION  OF  DRUGS. 


The  BuBpenfiioti  Method  of  InveGtiEatiBg  the  Action  of  Dtuts  on  the 
Frog's  Heart.— l^urgi'  frogs  iincl  grc;il  mri'  are  neccBsary  for  this 
experitnetit.  Pass  a  ligature  iindcr  the  vena  cava  inferior,  where  it  is 
joined  by  the  hepatic  veins  and  enlers  the  sinus.  Miike  a  V-shaped 
incision,  and  tic  in  a  fine  glass  cannula.  The  cannula  must  be  provided 
with  a  rubber  tulie  ending  iu  a  syphon  tube.  The  tube  is  provided 
with  a  dip,  and  the  whole  is  filled  with  l{inger"s  solution,  which  is 
contained  in  a  flask.  Attach  a  hook  to  the  ventricle  apex,  and  record 
the  heart  by  tie  suspension  method.  A  slit  is  made  into  the  aorta. 
Open  the  clip,  circulate  the  Kingcr's  Huid,  and  record  a  aeries  of 
contractions.  Now  replace  the  flask  of  Hingcr's  solution  with  one 
containing  diatitled  water. 

1.  0'75%  NaC!  solution  in  distilled  water — followed  by  a  Kinger  or 
Locke's  solutions  until  the  normal  beat  is  recovered. 


idbvGoOgle 


ADVANCED  EXPERIMENTAL  PHYSIOLOGY  163 

2.  0-75%  NaCl  solution  containing  0  3%  KCl  (5  c.e.  7%  KCl 
•olutioD  in  100  c.c.  0-60  NaCI)^followed  by  Ringer  or  Locke's 
aolntiona  until  the  normal  beat  is  recovered. 

S.  0'7B  %  NaCl  solution  containing  a  tew  drops  of  a  5  %  solution 
CaCIf  followed  by  Kinger  or  Locke's  solution  until  normal  beat  is 
recovered. 

4,  Distilled  water. 

Water  distilled  in  glass  is  less  noxious  than  water  distilled  in  copper 
or  lead.  Merely  hanging  a  strip  of  copper  foil  in  distilled  water  over- 
night increases  ite  poisonous  properties.  It  is  calculated  that  there  is 
not  more  than  1  part  of  copper  in  70  million  of  the  water.  The  heart 
ii  at  first  stimulated  by  sodium  ions,  but  after  some  time  becomes 
weaker,  and  finally  stops  in  diastole.  Tap-water  contains  traces  of 
calcium  salts,  which  are  beneficial.  Normal  saline  should  therefore  be 
made  with  tap-water.  The  calcium  ions  present  in  small  quantities  in 
the  blood  help  to  maintain  contractility  and  irritability.  Excess  of 
calcium  throws  the  heart  into  o.  contracted  state — calcium  rigour. 
PotAasium  ions  in  excess  relax  the  heart  and  abolish  excitability. 
EiDger'a  solution  contains  07  %  NaCl,  003  %  KCl,  0  025  %  CaCl,  and 
keepa  the  heart  in  good  state.  A  2  per  cent,  solution  of  digitalin 
caitsra  increased  tone  of  the  heart,  vigorous  systole,  and  incomplete 
diastole.  The  heart  finally  is  arrested  in  a  state  of  systolic  contraction. 
Caffeine  and  vcratrine  also  act  tonically  on  the  heart  Supra-renal 
extract,  or  adrenalin,  at  first  slows  and  then  increases  the  tone  and  the 
frequency  of  the  heart.  Adrenalin  is  the  active  principle  of  the 
medulla  of  the  aupra-renul  gland.  A  solution  containing  1  part  in 
10,000  constricts  vessels  of  the  conjunctiva. 

Weak  solutions  of  acid  bring  the  heart  into  diastolic  arrest  Alkalies 
produce  systolic  arrest. 
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CHAPTER   XXXVII.   (Admneed). 

OASKELL'S  CLAMP  AND  THE  EPFECT  OF  LOCAL  WARMTH  ON 
THE   HEART. 

Oasketl's  Clamp  and  the  Effect  of  Heat  on  Binns  and  Ventiide. — 
The  heart  of  a  large  frog  or  toad  ia  required.  The  contraction  of  the 
auricle  and  ventricle  are  registered  hy  means  of  two  levers  which  are 


attached  by  means  of  threads  to  the  apex  of  the  ventricle  and  auricle 
respectively;  the  one  lever  is  pulled  downwards  aguinst  an  elastic 
spring  and  the  other  upwards.  The  heart  is  held  fast  by  means  of  a 
screw  clamp  in  the  auriculo-veiitriculiir  groove'  The  clamp  is  provided 
with  a  fine  screw,  which  can  easily  bo  adjusted  so  as  to  bold  the 
heart  firmly  without  injuring  the  tissue  (Gaskell).  In  this  way  the 
contractions  of  auricle  and  ventricle  arc  registered  separately.  Take  a 
thick  copper  wire,  Itcnl  into  a  hook  at  one  end,  and  place  the  book 
round  the  sinus.  Warm  the  other  end  of  the  wire  in  a  flame. 
'A  aurew  clip,  to  tlio  liiiri  of  wliich  ccrk  weilgca  are  fibtcDcd,  Hill  do  for  Uie 
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'I  lie  result  of  wiirmiiig  the  sinus  is  a  grcal  iiicri'ase  in  the  rapidity  of 
the  beats  bntli  of  tliu  aiiridc  nriil  ventricle. 

Now  warm  the  ventricle  in  lilco  maimer.  No  alteration  of  rate  of 
rhythm  is  produced  by  heating  the  ventricle,  but  each  ventricular 
contraction  is  atigment«(L 

The  observation  of  the  local  effect  of  warmth  may  be  carried  out 
equally  well  on  a  heart  recorded  by  the  ordinary  suspension  method. 

CHAPTER  XXXVIII.   (.4<lm»cttf). 

ACTION  OF  THE   CARDIAC   NERVES. 

Dlasection  of  the  C&rdi&c  Nerrea  in  the  Pithed  Oat  or  Babbit. — The 
eat  has  been  instantly  killed  for  you  l>y  pithing.  Quickly  tie  out 
the  legs  of  the  animal  to  the  nails  on  the  l>oni'd  provided,  and  tic  a 
string  tightly  round  the  lower  jaw,  and  this  to  the  nail  at  the  head  of 
the  board.  Pick  up  the  skin  over  the  nock  between  the  fingei-s,  and 
cut  through  it  with  scissors.  Pick  up  the  trachea  between  the  fingers 
and  incise  it,  and  insert  the  tracheal  tul>e,  which  is  connected  with 
the  bellows  which  are  kept  working  liy  the  motor.  Artificial  respira- 
tion is  thus  set  going.  Separate  the  sterno- laryngeal  muscles  from 
the  Bterno  mastoid  along  one  aide  of  the  trachea  and  expose  the 
carotid   sheath.     Separate  (Ca)  the  carotid  artery:  (P.n.)  the  vagus, 
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this  is  the  largest;  (Dep)  the  depressor,  a  fine  nerve  which  may 
be  traced  up  to  where  it  arises  by  two  branches,  from  the 
superior  Uryngeal  nerve  and  from  the  vagus;  (Sy)  the  cervical 
eympathettc,  a  slender  thread,  which  may  )>o  traced  up  to  the 
superior  cervical  sympathetic  ganglion.  In  the  cat  vagus  and  aym- 
pathetic  arc  one,  and  the  depressor  is  separate  on  the  left  side  only  as 


a  rule.  Tie  thretids  roun<I  these  nerves,  rcai)y  for  their  excitation. 
Pass  two  ligatures  mider  the  carotiil,  and  tic  the  upper  one.  Put  a 
clip  on  the  artery  below.  Make  a  V-shapcil  incision,  and  insert  and  tie 
in  the  cannula.  Connect  the  cnnnnia  with  the  mercury  manometer  by 
pressure  tubing,  and  with  the  glass  syringe  fill  the  tnl)e  and  cannula 
with  a  sat  sol.  of  Na^SO,.  Close  the  side  tidw  of  the  carniula  with  a 
piece  of  rubber  tu1>e,  in  which  a  solid  glass  rod  is  inserted.  Carefully 
raise  the  pressure  in  the  manometer  by  means  of  the  syringe  to  about 
100  mm.  Hg,  and  clip  ofT  the  syringe.  Open  the  clip  on  the  artery, 
and  record  the  blood  pressure  on  the  slow  drum.  Faradise  the 
peripheral  end  of  the  vagus  and  observe  the  inhibition.  Stop  the 
artificial  respiration  for  a  short  time,  and  observe  the  cITecl  of  asphyxia. 
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Nest  divide  tha  skin  over  the  upper  part  of  the  Btenium  and  reflect 
the  left  skin  (In p. 

Paes  throada  i-oiind  the  sternal  ends  of  the  left  first  and  second  ribs. 
I  Tie  these  and  divide  the  rilia  l>ctwoon  the  threads  and  the  sternum. 

L  Pull  the  rilia  outwards  liy  means  of  the  threads,  separate  the  int«r- 

I  cnstal  muscles  with    the  knife,  and   by   cutting    through    the   spinal 

I  attachments  of  these  ribs  remove  them. 


1 


<I  ckrUhu  iu:cels.-iitara.  Tb« 


(v)(4Tnttd  wtorj  :  { 


L 


The  stellate  or  first  thomcic  ganglion  may  now  be  foinid  and  cleaned 
from  the  surrounding  adipose  tissue.  It  lies  just  in  front  of  the  spinal 
uttachnieut  of  the  first  rib.  Branches  enter  the  stellate  ganglion  from 
the  first,  second,  and  thin!  thoracic  i-oois.  Below  the  sympathetic 
cord  is  Attached  to  it,  an<l  alxive  a  nerve  passes  to  it  from  the  8th 
cervical  root  The  ganglion  sends  off  branches,  which  Torm  the 
annulus  of  Vieussetis,  and  pass  to  the  inferior  cervical  ganglion.  From 
the  annuhis  and  from  the  inferior  corvicid  ganglion  branches  pass  U> 
the  cardiac  plexus.  The  stellate  ganglion  is  the  cell-station  of  these 
accelerator  and  augmentor  fibres. 

The  stcllat«  ganglion  is  also  the  cell  sttition  of  the  fibres  which  pass 
to  the  brachial  plexus  (vasomotor,  pilomotor,  sudoriferous)  and  to  the 
vertebral  artery. 

The  cervical  sympathetic  fibres  pass  through  the  ganglion,  and  have 
their  cell-stations  in  the  superior  cervical  sympathetic  ganglion. 

Excitation  of  the  (1)  cervical  sympathetic  dilates  the  pupil,  retracts 
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tfae  nicilaling  meiiibraiio,  ciiiisoa  separation  of  piipilfl  and  prfijecte  the 
oye  with  the  axis  of  iho  cyeliall  straight  forwards. 

It  coiistrifW   the   hlouil- vessels  of   the  akin,  glatiils,   ;iiiil   niiicoua 
njcmbraiie  of  the  hciul. 


ll  dilates  the  vessels  in  the  bucco-facial  region  of  the  dog. 

It  excites  secretions  of  the  glands  of  the  head,  hoth  salivary  and 
sweat  glands. 

It  erects  the  hairs  in  the  wit  and  moiiltey  over  certain  regions  of 
the  face  and  scalp. 


(2)  The  depressor  nerve  is  au  afferent  nerve  which  runs  from  the 
heart  to  the  spinal  bulb,  and  causes  general  dilatation  of  the  blood- 
vessels—especially  in  the  splanchnic  region.     (See  Fig,  145.) 

It  thus  lowers  the  arterial  pressure.  The  depressor  is  bound  up 
with  the  vagus  in  the  dog. 

(3)  The  vagus  is  the  inhibitory  nerve  to  the  heai't,  the  motor  tierve 
to  the  bronchial  muscles. 

r  It    conveys    both    inhibitory    and    augmentaiy    iiniiulses    to    the 
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It  is  a  secretory  nerve  to  the  gaslric  glands  and  pancreas. 

It  contains  afferent  fibres  from  the  heart  which  provoke  reflex 
movements,  pressor  or  depressor  eff'ects,  and  reflex  cardiac  inhibition. 

The  afferent  fibres  of  the  vagtis  coming  from  the  lungs  regulate  the 
rhythm  of  respiiutioii. 

The  superior  laryngeal  branch  of  the  vagus  is  the  motor  nerve  to 
the  crico-thyroid  muscles  and  the  sensory  to  the  laiynx. 

I'hc  inferior  laryngeal  branch  is  the  motor  nerve  to  the  intrinsic 
muscles  of  the  larynx. 

Spinal  Preparation  of  Hammal. — Shcrririgton  employs  the  folloiring 
preparation  for  studying  blood  piossure  and  spinal  reflexes,  action 
of  vagus  on  heart,  oncometry  of  kidney,  action  of  nerves  of 
bladder,  cte. : 

The  animal  (cat)  being  deeply  anaesthetised  with  chloroform,  a 
cannula  is  insorled  into  the  trachea.  Both  common  carotids  are 
ligatcd.  A  transverse  incision  through  the  skin  is  made  over  the 
occipnt  and  extended  laterally  close  behind  the  pinnae.  The  skin  is 
retracted  backwards  so  as  to  expose  the  neck  muscles  at  the  level  of 
the  axis  vertebra.  The  ends  of  the  transverse  processes  of  the  atlas 
are  then  felt  for  and  a  deep  incision  made  through  the  muscu- 
lature jiiBt  behind  these  procossea.  The  largo  spinous  process  of 
the  axis  is  notched  with  the  bone  forceps.  A  strong  thick  ligature  is 
passed  by  a  sharp-ended  aneurism  needle  close  under  the  body  of 
the  axis  and  is  tied  tightly  in  the  groove  left  by  the  incision  behind 
the  transverse  processes  of  the  atlas  antl  the  notch  made  in  the 
spinous  process  of  the  axis.  This  compresses  the  vertebral  arteries 
where  they  pass  from  transverse  process  of  axis  to  transverse  process  of 
atlas.  A  second  strong  ligature  is  then  looped  round  the  neck  at  the 
level  of  the  cricoid  and  is  so  passeil  its  to  include  the  whole  neck 
except  the  trachea.  Dccapttatioii  is  then  jwrfoi'mcd  with  an  ampu- 
tating knife  passed  from  the  veiitml  aspect  of  the  neck  through 
the  occipito-atlantal  space,  severing  the  conl  just  behind  its  junction 
with  the  bulb.  The  ligatui-o  round  the  neck  is  drawn  tight  at  the 
moment  of  decapitation.  The  severed  head  of  the  ileeply  narcotised 
animal  is  then  destroyed.  Haemorrhage  is  extremely  slight.  If  there  is 
oozing  from  the  vertebral  canal  it  is  arrested  by  raising  the  neck 
somewhat  above  the  rest  of  the  carcase.  The  carcase  is  placed  on 
a  small  metal-topped  table  warmed  by  an  electric  lamp  below. 
Artificial  respiration  is  employed  to  ventilato  the  lungs,  the  fresh  air 
supplied  from  the  bellows  being  warmed  by  passing  through  a  chamber 
containing  a  small  electric  lamp.  1'he  akin  flaps  arc  stitched  together, 
covering  the  exposed  cud  of  the  spinal  cord  and  other  structures  bared 
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by  the  amputation  wound.  The  carcase  will  continue  for  several  hours 
to  exhibit  good  reflexes  employing  the  skeletal  muscles,  although  the 
arterial  blood-preBsure  is  low,  often  not  more  than  80  mm.  Hg. 
The  scratch  and  other  reflcxca  may  l»c  studied  very  well  on  this 
preparation. 


CHAPTER   XXXIX.  (Advanced). 
THE  PULSE. 

The  Telocity  of  TmumisBloii  of  the  Poise  Wave. — Mackenzie's 
polygraph  is  need.  The  recording  tambours  write  on  a  roll  of  paper 
which  is  unwound  by  the  clockwork.  The  writing  styles  are  wet  with 
red  ink.  A  time  marker  writes  seconds.  Two  tambour  sphygmographs 
are  taken,  and  one  is  applied  to  the  carotid,  and  the  other  to  the  radial 
art«ry.  The  recording  tambours  are  brought  to  write  exactly  beneath 
one  another  on  a  fast  dnim,  and  a  time  tracing  is  taken  with  the  tuning 
fork.  Mackenzie's  polygraph  is  most  convenient  for  these  experiments. 
The  distance  between  the  carotid  artery  and  the  ra<)ial  is  measured. 
The  rate  of  transmission  is  about  5-8  metres  a  second.  The  rate  of 
transmission  increases  as  the  coefUcient  of  elasticity  of  the  arterial 
wall.     It  is  therefore  greater  with  high  than  with  low  arterial  pressure. 

The  velocity  of  transmission  from  carotid  to  radial  may  be  lessened 
by  placing  the  arm  in  water  so  as  to  produce  vasodilatation.  The 
length  of  the  pulse  wave  is  the  product  of  the  velocity  of  transmission 
by  the  time  occripied  by  the  wave  iii  passing  any  given  point. 
Calculate  this  value  from  the  record.  It  is  about  5  metres,  so  the  pulse 
wave  reaches  the  periphery  before  it  has  left  the  aorta. 

JngnUr  and  Badial  Pnlee  Onrres.— The  jugular  pulse  and  the  radial 
venous  pulse  are  simultaneously  recorded  in  man,  and  by  this  means 
time  relations  of  the  cardiac  cycle  arc  determined.  The  jugular  pulse 
is  recorded  by  means  of  a  receiving  tambour,  which  is  pressed 
down  upon  the  jugidar  vein  just  above  the  clavicle  on  the  right 
side. 

The  (amltour  is  not  closed  by  a  membrane,  but  is  pressed  down 
on  the  skin  by  the  fingers  until  an  air-tight  junction  is  made  and 
a  good  tracing  is  obtained.  The  subject  must  lie  down  with  his 
head  slightly  raised  by  a  cushion  and  bent  to  the  right  side.  The 
venous  pulse  shows  three  positive  waves,  J,  C,  and  V.  A  marks  the 
auricular  systole.  C  is  synchronous  with  and  chiefly  caused  by 
the  output  of  blood  from  the  ventricles  into  the  arteries.    The  carotid 
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artery  lying  close  liy   infliiencea  the  venous  trace.     V  is  due   to  the 
filling  of  thy  uuricle  during  the  ventricular  systole.     The  negative  wave 
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after  F  is  probably  due  to  the  rapid  dilatation  of  the  ventricle  and 
entry  of  blood  therein.  The  venous  pulse  and  i-adial  pulse  taken 
Himultarieoualy    demonstrate     whether     the     cardiac     rhythm    and 


eequence  are  normal.  In  pathological  states  extra  systoles  may 
occur,  or  the  ventricle  beat  independently  of  the  auricle  with  its 
own    rhythm.       Alterations    in    the    auricle -ventricular    bundle    are 
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probably  the  cause  of  such  disturbed  action.  While  the  record  is  being 
taken  place  both  hands  on  the  subject's  belly  and  compress  the 
abdomen ;  both  venous  and  arterial  pressures  rise.  The  rise  in  arterial 
pressure  may  be  measured  with  the  sphygmometer. 

One  tambour  is  now  placed  over  the  carotid  and  another  over 
the  cardiac  impnlac.  The  beginning  of  the  impulse  curve  marks 
the  beginning  of  the  ventricular  contraction.  The  beginning  of  the 
carotid  pulse  curve  marks  the  begiiniing  of  the  period  of  systolic  out- 
put and  the  opening  of  the  aortic  valves.  Between  these  points  is  the 
period  of  rising  tension,  when  the  ventricle  is  raising  the  blood  pressure 
up  to  that  in  the  aorta.  The  l>eginniiig  of  the  dicrotic  notch  cor- 
responds with  the  closure  of  the  aortic  valves  and  the  end  of  out- 
put. The  time  lost  in  the  transmission  of  the  pulso-wave  from  the 
heart  to  the  carotid  artery  should  be  deducted  in  making  these  time 
measurements,  but  it  is  almost  negligible.  In  a  man  with  a  pulse 
frequency  of  70  the  duration  of  systole  was  0379  sec.,  of  diastole  0-483 
see.  It  is  interestiTig  to  repeat  the  observations  after  the  frequency  of 
the  heart  has  been  accelerate<l  by  running  up  and  down  stairs.  The 
diastolic  period  is  shortened  much  more  than  the  systolic  period.  When 
the  pulse  varied  in  the  proportion  100:270  the  duration  of  a  systole 
varied  in  the  proportion  136  :  100. 

With  the  two  armlets  and  mercurial  manometer  and  syringe 
bulb  measure  the  systolic  pressure  in  the  arm  and  leg  using  the 
radial  and  posterior  tibial  or  doraalia  pedis  arteries  as  Indices  of  the 
obliteration  of  the  pulse.  Let  the  subject  be  horizontal,  itepeat  Bft«r 
the  subject  has  run  up  and  down  stairs,  and  again  after  he  has  put 
one  hand  in  hot  water  for  some  minutes.  The  pressures  which  were 
equal  will  now  appear  unequal  for  the  artery  softened  by  the  effect 
of  heat  conducts  the  pulse  less  well.  In  cases  of  aortic  regurgitation 
the  leg  and  arm  readings  are  imequal,  the  leg  being  the  higher  owing 
to  the  leg  arteries  being  stilTer  and  conducting  the  wave  better. 
Measure  the  pressure  in  the  leg  and  arm  (1)  with  the  subject  lying 
horizontal,  (2)  with  the  legs  raised  in  the  L-shaped  position,  (3)  stand- 
ing erect,  the  observed  leg  being  kept  in  an  easy  relaxed  position  and 
the  weight  thrown  on  the  other  leg.  In  each  case  measure  the  difference 
in  height  l>etwGen  the  upper  edges  of  the  armlets  with  the  metre  rule. 
Calculate  the  dllfcrcnce  in  terms  of  mercury  by  dividing  by  13,  and 
compare  the  difference  in  the  readings  found  with  the  calculated  differ- 
ences. The  pressure  differs  by  the  column  of  blood  separating  the  two 
points  of  measurement  The  compensatory  vasomotor  mechanism  keeps 
the  pressure  in  the  aortic  arch  and  its  branches  about  the  same  in  all 
three  postures,  while  the  pressure  In  the  leg  arteries  varies  greatly. 
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CHAPTER  XL   {Mvawxd). 
VA80.M0TOR   SYaTEM. 

of  tlie  BIood-vesselB. — Pith  the  cerebrum  of  &  luge 
frog  and  plug  the  hole  with  a  bluntrpointed  match  to  prevent  hsemo- 
n-hage.  Curarise  tJie  frog  lightly,  place  it  on  the  cork  board  provided 
for  studying  the  circulation  in  the  web.  Tie  out  the  toea  ao  aa  to 
spread  the  web  over  the  hole  in  the  board.  Observe  the  nte  of 
circulation.  Next  pass  a  pin  through  tlie  occipito-vertebral  memlnruM 
and  destroy  the  spinal  bulb.  The  circulation  will  become  more  rapid 
owing  to  dilatation  of  the  arteries. 

Now  remove  the  frog  from  the  board  and  expose  the  heart.  Suspend 
the  frog  in  the  vertical  head-up  position.  Note  that  the  heart  and 
large  vessels  are  filled  with  blood.  Pass  a  blantet^pin  down  the 
vertebral  canal  and  destroy  the  spinal  coi'd.  The  heart  and  vessels 
will  soon  become  bloodless  owing  to  the  loss  of  vaso-motor  tone.  The 
blood  sinks  into  the  dilated  abdominal  vessels  under  the  influence  of 
gravity. 

Perftuioii  of  Frog's  Blood-Teasels. — Destroy  the  brain  and  plug  the 
hole  in  the  skull.  Expose  the  heart.  Tie  one  aorta.  Place  a  ligature 
under  the  other,  snip  it  with  sharp  scissors,  and  allow  the  blood  to 
escape.  Insert  a  Une-glass  cannula  into  it  pointing  away  from  the 
heart.  Fill  the  cannula  with  normal  saline  by  means  of  a  capillary 
pipette.  Connect  a  rubber  tube  to  a  glass  funnel  and  clip  the  tube. 
Fill  the  fuiniel  and  tube  with  Singer's  fluid.  Connect  the  tube  with 
the  canrmla.  No  air  bubbles  must  be  introduced.  Snip  the  sinus 
venosus  and  open  the  clip.  Hang  the  frog  in  the  vertical  poaition. 
The  fluid  circulates,  runs  out  of  the  sinus,  and  drops  from  the  toea  of 
the  frog  into  a  measure  glass.  Measure  the  outflow  per  minute. 
Circulate  Ringer's  fluid  plus  1  in  1000  sodium  nitrate;  the  outflow  is 
increased  owing  to  vaso-dilatation.  Supra-renal  extract  produces  the 
contnu'y  effect 
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CHAPTER  XLI.  (Advanced  Detnonstralums), 

IMTRACABDIAC  PRESSURE.    BLOOD  FLOW. 

Intracuduc  Pressare. — Owing  to  inertia  the  mercurial  manometer 
is  unable  to  respond  to  the  rapid  changes  of  intracardiac  pressure.  The 
pulse  curves  obtained  by  the  mercurial  manometer  are  also  distorted  by 
the  swings  due  to  the  momentum  of  the  mass.  To  record  the  changes 
of  intracardiac  pressure  an  instrument  must  be  coutiived  which  is  able 
to  follow  a  change  of  pressure  equal  to  1500  mm.  Hg  per  second. 


M.— HUtthla  ■  ipiiDK  n 


Fio,  IM.— Sph7gin«ct>p«. 

Hiiithle's  spring  manometer  consists  of  a  small  tambour,  55  in 
diameter,  covered  with  rubber  membrane.  A  button  attached  to  the 
membrane  works  against  a  steel  spring.  The  movement  of  the  spring 
is  magnified  by  a  light  lever.  Inertia  is  proportional  to  the  mass  and 
the  square  of  the  velocity.  By  making  the  tambour  very  Bmall  and 
the  lever  very  light  the  errors  due  to  the  inertia  of  the  fluid  and  lever 
are  reduced  to  a  minimum. 


Kio.  197.— Arterl«I  preuure  recorded  by  ■  spring  minoniotor.    Elliict  of  wmIi 
Bxcitation  of  the  th^eua  during  the  poriod  markod  bj  tfao  dgnal  m.    (DuboU). 

The  sphygmoscope  is  an  equally  good  instrument.  One  end  of  a 
nibber  finger-stall  is  drawn  over  the  end  of  a  rubber  cork.  The  cork  is 
insert«d  into  a  short  piece  of  wide  tube.  A  glass  tube  passes  through 
this  cork  into  the  small  air-space  which  is  left  at  the  top  of  the  finger- 
Btall.     The  other  end  of  the  wide  tube  is  closed  by  a  rubber  cork.     A 
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glau  tube  passes  through  this  cork  mid  is  connected  with  a  recording 
tambour.    The  finger-stall  acte  as  the  spring. 

Connect  by  side  tubes  the  mercurial  manometer  and  the  Htirthle 
manometer  with  the  artery  in   the  artificial  schema.     Take  records 


with  each  instrument  on  a  moderately  fast  drum,  and  compare  the 
results.  Connect  by  side  tubes  one  side  of  the  Hiirthle  differential 
manometer  with  the  chamber  of  the  pump,  and  the  other  side  with 
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the  artery  close  to  the  valve.  Take  a  record,  and  observe  how  the 
instrument  records  the  moment  when  the  valve  opens  and  shuts. 
If  a  time  tracing  be  taken,  the  time  relations  of  the  pump  (ventricular 
contraction)  can  be  exactly  determined.    The  period  of  ventricular 
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eystolo  IB  diviiied  into  three:  (1)  the  period  of  rising  lension,  when 
all  the  valves  are  closed;  (2)  the  period  of  output;  (3)  the  period  of 
relaxation.  In  einxiltJirieoiis  I'ecords  of  intraventricular  jiresaiire  and 
aortic  presBuro  the  Iwginning  of  the  aortic  rise  (3)  marks  tho  opening 
of  the  aortic  valve  and  beginning  of  output.  The  end  of  output 
occurs  when  the  semilunar  vaives  close  at  the  beginning  of  ihe 
dicrotic  not«h  (i).  The  period  of  rising  tension  lasts  from  the 
beginning  of  systole  (1)  to  the  opening  of  the  semilunar  valves  (2). 
Velocity  of  Blood  Flow. — Insert  the  Pitot  tubes  E  and  F  into  a 
tube  A  through  which  water  is  flowing  from  a  constant  head  of 
pressure  B  (Fig.  170),     Note  that  the  water  rises  to  different  levels 


w  tfaD  TclocLly  and  rsslBtann  howU. 


in  the  tubes.  E  represents  the  resistance  head  plus  tho  velocity 
head.  F  records  the  resistance  head  minus  the  velocity  head. 
Measure  the  outflow  per  minute  from  the  tube  A,  and  notice  the 
difference  between  the  heights  of  the  menisci  in  E  and  F.  Lessen 
the  velocity  by  partly  screwing  up  the  clip  on  the  end  A.  Measure 
the  outflow  per  minute,  and  note  that  the  menisci  are  nearer 
together.  Close  the  end  of  A.  Tho  flow  ceases,  and  the  menisci  in 
the  two  tubes  roach  the  same  level  as  that  of  the  head  of  pressure 
B.  (Jybidski  makes  use  of  this  principle  in  the  construction  of  the 
photohaematochometer,  an  instrument  by  which  altei'utions  in  velocity 
can  be  records*!.     Fig.  171. 
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The  velocity  caii  ulao  bo  meosiired  in  the  artificial  Bchetna  by 
injecting  1  c.c.  of  methylene  blue  sat.  sol.  into  artery,  and  noting 
by  means  of  a  stop-watch  (or  electric  signal  and  drum)  the  moment 
of  injection,  and  the  moment  when  the  blue  fluid  reaches  the 
capillary  tube. 

The  CircnUtion  Time. — In  the  artificial  schema  measure  the 
circulation  time  by  injecting  methylene  blue  into  Uie  rein  V,  and 
noting  how  long  the  blue  takes  to  reach 
the  venous  end  of  the  capillary  tube. 

Ths  Work  of  tho  Heart.— To  estimate 
the  work  of  the  heart  in  the  artiRcial  schema 
the  mean  pressure  H,  and  velocity  in  the 
aorta  V,  and  the  volume  of  the  systolic 
output  Q,  must  be  obtained. 

M  =  the  mass  of  the  output  in  grammes  =  Q 
multiplied  by  the  specific  gravity  of  the 
Mood. 

Close  the  clip  on  the  arteriole  tube  and 
start  the  pump.  Note  the  mean  pressure 
H  indicated  by  the  manometer  M. 

To  obtain  V  inject  into  the  artery,  at  1 
metre  from  the  capillary  tube,  1  C.c.  of  sat. 
soL  methylene  blue.  A  side  tulra  is  pro- 
vided for  the  purpose  of  making  this  injec- 
tion. Note  with  a  stop-watch,  or  by  an 
electric  signal  and  drum,  the  time  between  the  injection  and  the 
appearance  of  the  blue  at  the  begirmirig  of  the  capillary  tube. 

Having  obtained  V,  the  output  can  be  reckoned  if  the  sectional 
area  (a)  of  the  aorta  be  obtained  and  the  time  (t)  of  a  cardiac 
cycle.  Measure  the  diameter  of  the  artery.  Half  this  and  obtain 
the  radius. 

Count  the  number  of  pulses  per  minute,  and  by  dividing  the  number 
found  by  60  obtain  t.    Then  Q  =  arf. 

Now  calculate  the  work  of  the  pump  from  the  data  obtained. 
The  work  spent  in  maintaining  velocity  it  almost  negligible  in 
comparison  with  that  spent  in  overcoming  resistance. 

In  man  the  output  may  be  taken  as  60  gnus.,  the  average  aortic 
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pressure  U  ItO  mm.  Hg,  the  velocity  of  flow  in  the  aorta  as  320  mm. 
per  see.     Mercury  135  times  heavier  than  blood 
60x320 


W- 


Dx  110x13-5  +  " 


The  right  heart  is  considered  as  doing  one-third  of  the  work  of  the 
left  heart. 

The  total  work  of  the  human  heart  is  estimated  to  be  about  12,000 
kilogramme-metrcB  per  day,  or  500  kg.m.  per  hour.  This  equals 
about  28  kilo-calories  {425  kg.m.  =  1  kilo-calorie). 


Fio.  ITl-Tbs  CBrdlDmatar. 

In  the  dog  the  ontput  can  be  obtained  by  estimating  the  amount 
of  oxygen  taken  up  by  the  blood  from  the  inspired  air  in  one 
minute.  This  can  be  obtained  by  Fredericq's  or  Ztiritz's  method 
(see  p.  184).  At  the  same  time  samples  of  aiterial  and  venous  blood 
are  obtained,  and  the  oxygen  difference  between  the  two  samples 
estimated  by  the  blood  pump  or  Haldano's  ferricyanide  method  (see 
p.  190).  The  numlier  of  heart  beate  per  minute  is  also  counted. 
Suppose  100  c.c.  of  oxygon  are  taken  up  per  ininute,  the  arterial 
blood  contains  5  c.c.  per  cent,  more  oxygen  than  the  venous  blood, 
and  the  heart  beats  80  times  per  minute.  Then,  as  every  100  c.c 
of  blood  carries  away  5  c.c.  Oj,  2000  c.c.  of  blood  must  have  passed 
through  the  heart  in  the  minute.  Thus  the  output 
2000 


80 


=  25  ( 


The  output  in  mammals  is  reckoned  to  be  about  -0012  of  the 
body  weight  per  sec. 

The  Oardiometei. — Demonstration  of  the  method  of  recording  the 
volume  of  the  output  of  the  heart.     The  cardiometer  is  made  of 
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the  end  of  a  lai^e  thietle  funnel,  which  is  first  covered  with  thin 
rubber  membrane,  and  thea  a  large  round  bole  is  made  in  the 
membrane  by  burning  it  with  a.  soldering  iron.  The  thorax  ia 
opened  in  the  pithed  cat  after  eetablisbing  artificial  respiration, 
the  pericardium  is  incised  and  the  heart  inserted  through  the  hole 
in  the  rubber  membrane  into  the  funnel  and  this  connected  with  a 
piston  recorder.  The  rubber  membrane  fits  snugly  to  the  base  of 
the  ventricles  and  renders  tbo  cardiomoter  air-tight. 

'ITic  carotid  artery  is  connected  as  in  the  figure  and  the  blood 
returns  to  the  jugular  vein,  the  circulation  lieing  confined  by  ligatures 
to  the  heurt  and  lungs.  The  lilooil  pressure  is  regulated  by  sinking 
the  tube  more  or  less  deeply  in  the  mercury. 


CHAPTER    XLII.    {^dtxinced  Demonslraivms). 

EFFECT  OF  HAEMORUHAGE  AND  SAUNE  TRANSFUSION. 

In  the  anaesthetised  and  weighed  animal  a  carotid  caimula  is 
introduced  and  another  in  the  jugular  vein.  A  third  cannula  is 
placed  in  the  femoral  artery.  Observe  the  effect  on  the  blood 
pressure  tracing  (I)  of  bleeding  from  the  femoral  artery,  (2)  running 
in  physiological  salt  solution  into  the  jugular  vein. 

Note  the  volume  of  blood  withdrawn  and  Saline  introduced.  To 
produce  a  fall  of  piessure  25  c.c.  per  kg.  of  body  weight  should 
bo  removed.    After  running  in  the  saline,  bleed  the  animal  to  death. 


and  note  the  effect  on  the  blood  pressure  tracing  and  the  quality 
of  the  blood  compared  with  that  collected  before  transfusion.  Look 
for  fluid  in  the  abdomen  and  observe  the  organs  after  death. 


PLETHYSMOQRAPHS. 


PlethramogT&phs  and    Oacogiapha. — In   the  pithed  cat,    tracheal, 
jugular,  and  carotid  cainiulae  are  introduced.     The  abdominal  cavity 
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ia  opened  and  the  greater  splanchnic  nerve  exposed  by  bluiit  dissec- 
tion where  it  lies  juiib  outeide  the  suprarenal  capsule.  A  ligature 
is    tied   roiiiul    the    nerve   and    the  peripheral  end  stimulated. 

Note  that  blood  prossuro  risea,  A  cannula  bent  at  right  angles 
is  placed  in  the  blatlder,  and  the  Icfb  kidney  in  the  oncometer. 
The  kidney  is  laid  on  one  of  the  pieces  of  the  oncomoter,  its 
vessels  being  placed  in  the  groove.  The  india-rubljer  bag  filled  with 
water  at  38°  C.  is  placed  round  it,  and  the  other  half  of  the 
oncometer  put  in  position  and  the  rublter  liands  applied.  The  tube 
of  the  rubber  bag  Is  connected  with  a  water  manometer,  the  water 


l>eing  coloured  with  methylene  blue.  The  manometer  should  show 
pulsations.  Cover  the  abdomen  with  warm  compresses  of  wool 
wrung  out  from  hot  075  per  cent,  saline  solution.  Measure  the 
outflow  of  urine  for  five  minutes,  and  note  the  effect  of  stimulating 
the  splanchnic  nerve. 

Note  the  elTect  of  injecting  30  c.c.  physiological  salt  solution  into 
the  jugular  vein. 

So  long  as  the  venous  pressure  is  constant  any  increase  in  renal 
volume  will  denote  increased  blood  pressure  in  and  increased  blood-flow 
through  the  kidney.  The  secretion  of  urine  varies  as  the  volume  of 
blood  passing  through  the  kidney  per  minute.  (By  dlvi'ling  the  renal 
nerves  and  exciting  the  spinal  cord  or  vasomotor  centre  l^c  greatest 
rate  of  blood  flow  through  the  kidney  can  bo  produced.)     Ligature  of  the 
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renal  vein  stops  the  secretion  of  iiriiie  After  a  temporary  obstruction 
albuminous  urine  is  secreted.  Half  a  grain  of  citrate  of  caffeine  injected 
intravenously  will  produce  a  fall  of  arterial  pressure  and  a  preliminary 
contraction  of  the  kidney,  followed  by  expansion  and  increased  flow 
of  urine.  Observe  the  effect  of  extract  of  pituitary  gland.  This  is  the 
most  active  diuretic  known  (Schtifer). 

PlethysmDgT&phjr  of  the  Arm. — The  arm  is  placed  in  the  rubber 
gauntlet  of  the  pkthysmograph.  The  plcthysmograph  is  connecteil 
with  a  recording  tamlwur,  a  _|_-picce  being  intevposed.  Reconi  the 
volume  curve  on  a  moderately  fast  drnm.  The  tracing  shows  putse 
waves  and  respiratory  oscillations. 


Fasten  the  armlet  of  the  sphygmometer  round  the  upper  arm 
and  record  the  cnrve  of  venous  congestion  which  results  from  raising 
the  pressure  in  the  armlet.  Repeat  this ;  after  exertion  the  curve 
n'ses  much  more  steeply.  This  is  a  good  comparative  methoil  of 
studying  the  velocity  of  blood  flow  into  man. 


■^ 
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CHAPTER    XLIII. 
RESPIRATION. 


lation  of  the  Ohest  of  Mul — Much  can  be  learned  by  simple 
methods  of  examination,  and  it  is  of  the  greatest  importance  that 
the  medical  student  should  re\y  more  upon  his  sight,  hearing  and 
touch,  than  upon  the  graphic  records  obtained  with  different  forms 
of  apparatus. 

Inspection. —The  chest  of  a  man  stripped  to  the  waist  is  examined 
and  the  following  points  are  noted  ;  (i)  The  shape,  whether  the  thorax  is 
strongly  built  and  symmetrical,  (ii)  its  mobility,  whether  the  two  sides 
move  eijually.  The  condition  of  the  abdominal  wall  should  then 
be  examined,  aiirl  attention  paid  to  the  development  of  Its  muscles 
and  the  movemente  during  respiration. 

The  measurement  round  the  chest  of  an  adult  man  is  about  35  inches 
and  can  be  taken  with  a  tape.  The  increase  in  circumference  produced 
by  inspiration  is  ^Ixiut  2  to  3  inches.  It  is  impossible,  however,  to 
determine  by  such  measurements  whether  a  man  has  a  good  "  wind  " 
or  not.  A  well-developed  chest  generally  means  that  a  man  has 
lived  an  active  life  and  has  a  good  heart  and  lungs,  but  great  variations 
are  found  in  the  shape  of  the  chest  of  healthy  men.  The  true  test 
of  a  man's  heart  and  lungs  is  whether  he  can  respond  to  the  demands 
of  muscular  exercise  without  undue  breathlessncss  an<)  distress. 
Even  this  test  must  lie  applied  with  intelligence,  for  the  man  may 
be  underfed,  and  may  have  led  a  very  sedentary  life. 

A.  graphic  record  of  the  shape  of  the  chest  in  different  planes  can 
be  obtained  with  the  (yiioiiiefer.  This  simple  instrument  consists  of 
two  pieces  of  narrow  lead  piping  hinged  by  a  piece  of  rubber  tubing. 
The  hinge  is  placed  over  the  vertebral  column  and  the  lead  tubing 
is  moulded  round  the  sides  of  the  chest  in  a  borizonal  plane ;  the 
cyrtometer  is  then  opened,  removed  from  the  chest,  placed  in  position 
on  a  sheet  of  paper,  and  its  outline  traced  with  a  pencil. 

The  movements  of  the  chest  and  abdomen  should  be  observed  and 
their  relationship  to  inspiration  and  expiration  determined.  Some 
subjects  show  marked  abdominal  or  diaphragmatic  breathing,  others 
breathe  more  by  the  thorax.  In  women  the  movement  of  the  upper 
part  of  the  chest  is  greater  than  in  men  ;  the  causes  of  this  differ- 
ence are  to  be  ascribed  to  the  constriction  of  the  abdomen  and  lower 
portion  of  the  thorax  by  corsets  and  to  the  greater  mobility  of  the 
thorax,  due  to  the  fact  that  in  civilised  countries  the  women  do  less 
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muscular  work  than  the  men.  If  hard  work  ia  frequently  performed 
with  the  arms  tlie  upper  portion  of  the  thorax  Iwcomes  more  rigid, 
and  this  is  an  advantage,  for  it  gives  a  better  purchase  for  the  contracts 
iiig  musclea. 

There  ia  no  sound  baais  for  the  dogmatic  teaching  about  thoracic  and 
abdominal  breathing  of  some  so-called  speeialista  in  phyeical  training. 
Healthy  children  do  not  need  lesaona  in  breathing,  but  opportunities 
for  muscular  exercise,  for  games  in  the  open  air.  No  reasonable 
athlete  would  attempt  to  improve  his  "wind"  except  by  training  it 
by  progressively  graduated  runs.  A  good  "  wind  "  is  something  more 
complex  than  a  big  or  mobile  cheat ;  it  involves  the  heart  which  forcea 
the  blood  through  the  lungs.  Arliticial  breathing  exercises  are  luisound  ; 
healthy  games  and  sports  train  the  whole  body,  the  component  parts 
of  which  are  mutually  dependent. 

At  rest  breathing  is  performed  by  healthy  subjects  with  the  mouth 
closed,  but  during  severe  work  it  is  opened  instinctively  and  with 
advantage,  for  there  is  then  less  resistance  to  the  passage  of  the  air 
in  and  out  of  the  eheat,  and  the  loss  of  heat  is  facilitated. 

The  rate  of  respiration  in  healthy  a*.lult  men  at  rest  varies  from 
about  10  to  23  per  minute:  men  who  breathe  slowly  take  deep 
breaths  ;  those  who  breathe  quickly  take  shallow  breaths. 

Palpation.— By  phicing  the  flat  of  each  hand  upon  corresponding 
portions  of  the  chest  it  is  possible  to  compare  the  movements  of  the 
two  sides  of  the  thorax.  If  the  subject  be  told  to  speak,  to  say 
"ninety-nine,"  for  example,  the  vibration  of  the  voice,  rami  frcmitii.-', 
is  propagated  through  the  bronchi  to  the  wall  of  the  chest,  and  thus  to 
the  hands  of  the  examiner. 

PercDMion.— If  a  tap  with  the  finger  be  given  to  the  top  of  a  table, 
the  note  will  be  dull  over  the  part  directly  supported  by  the  leg, 
but  more  resonant  in  the  middle  of  the  table.  It  is  also  easy  for  most 
men  to  detect  a  difference  in  the  sense  of  resistance  when  the  lap 
is  given  ;  it  ia  greater  with  the  <lull  not«.  In  a  similar  manner  the 
level  of  water  in  a  tub  can  be  determined.  Such  a  method  of  investi- 
gation of  underlying  structures  is  known  as  percussion. 

Firmly  place  the  index  finger  of  the  loft  hand  on  the  chest  and  tap 
it  with  the  middle  finger  of  the  other  hand.  Determine  the  differences 
in  note  and  resistance  over  the  various  parts  of  the  thorax.  On 
the  right  side  the  resonance  extends  from  the  apex  of  the  lung  in  the 
supra-clavicular  fossa  to  the  beginning  of  the  dulnesa  produced  by  the 
liver  under  the  6th  rib.  On  the  left  side  it  extends  to  the  cardiac 
dulncse  which  begins  at  the  4th  rib. 

Make   the  subject  take  a  deep   breath,   and  then   by  percussion 
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demonstrate  that  the  limit  of  rraonance  is  increased  owing  to  the 
expanaion  of  the  lungs. 

AiuealtetloiL — The  respiratory  and  cardiac  Bounds  can  be  heard 
by  placing  the  ear  against  the  cbeat,  or  by  means  of  a  wooden  or 
binaural  stethosoope.  Over  the  trachea,  or  at  the  level  of  tiie  7th 
cervical  spine,  the  harsh  blowing  sounds,  due  to  inspiration  and 
expiration,  are  heard;  these  "bronchial  BOUDdB"are  produced  by  the 
Yibration  of  the  air  at  the  orificeB  of  the  vocal  cords  and  divisions 
of  the  trachoa  and  bronohi. 

Another  sound,  the  "vesicular  murmur,"  is  heard  on  listening  to 
parte  of  the  chest  wall  where  the  lung  is  in  contact.  It  is  a  soft 
breezy  sound  which  increases  during  inspiration  and  dies  away 
during  the  first  third  of  expiration.  There  are  several  views  about  the 
causation  of  this  sound ;  it  may  be  due  to  conduction  of  the  bronchial 
sounds. 


CHAPTER  XLIV. 
INTRATHORACIC  PRESSURE. 

Intia-thoTacic  Fressnte. — The  thoracic  canity,  when  opened,  is  far 
larger  than  its  contents,  for  the  lungs,  owing  to  their  elasticity,  collapse 
as  soon  aa  the  intra-pulmoriary  and  pleural  pressures  become  equal. 
The  intra-pleural  pressure  is  less  than  the  atmospheric  pressure  by  that 
amount  of  the  atmospheric  pressure  which  is  required  to  overcome  the 
elasticity  of  the  lungs  and  distend  these  organs  to  the  size  of  the 
thoracic  cavity-  The  intrathoracic  pressure  or  clastic  traction  exerted 
by  the  lungs  on  the  thoracic  wall  varies  as  follo^^'B : — 

Normal  inspiration  aboul  -    10  mm.  Hg. 

„        expiration         .        .         .  „       -     7 

Deep  inspiration  „      -    40 

„     expiration     -         -         -         -  „  0 

„     inspiration  with  air-way  closed         „      -100 
„     expiration      „         .,  „  „      + 100 

The  intra-trachf  al  prcFsure  varies  from  -  1  Tcn-.  Hg.  in  quiet  inspira- 
tion to  + 1  mm,  Hg.  in  expiration.  During  forced  hrealhirg  with  the 
air-way  cloEcd  the  intra-trscheal  pressure  is  greater  than  the  intra- 
thoracic prefmirc  by  the  airount  of  the  elastic  traction  exerted  hy  the 
tungs.  All  the  structures,  e.g.  heart  and  bleed- vessels,  are  aflectcd  fcy 
the  respiratory  variations  of  pressure. 
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Dbhonstration.  The  trachea  of  a  dead  rabbit  is  exposed,  and  a 
ligature  tied  round  it.  The  skin  is  divided  over  the  thorax  on  one 
side,  and  the  riba  exposed.  The  intercostal  muBclea  are  carefully 
separated  between  two  ribs.  Note  that  the  lung  is  in  contact  wiUi  the 
thoracic  wall.  The  ligature  round  the  trachea  is  now  divided ;  the  air 
escapes,  and  the  lung,  owing  to  its  elasticity,  will  collapse.  On  opening 
the  pleural  cavity  the  pressure  within  and  without  the  lung  becomes 
atmospheric.  The  elasticity  of  the  distended  lung  then  comes  into 
play  and  causes  its  collapse. 

Dehonstration.  In  the  rabbit  anaesthetised  with  urethane  or 
chloral  the  skin  is  divided  over  an  intercostal  spac«.  Hie  intercostal 
inusclea  are  then  separated  with  care,  and  &  piece  of  rib  removed, 
while  the  parietal  pleura  is  left  quite  uninjured.  The  lung  will  not 
collapse  so  long  as  the  pleural  cavity  is  not  opened.  On  the  contrary 
it  will  be  seen  gliding  to  and  fro  with  each  movement  of  respiration. 
Noto  how  easily  the  pleural  suriace  of  the  lung  ^ides  over  the 
parietal  pleura.  A  glass  cannula  attached  to  a  wator  manometer  is 
pushed  throughout  the  intorcostal  muscles  until  the  end  comes  to 
lie  in  the  thoracic  cavity.  Notice  the  negative  pressure  indicated  in 
the  manonietor,  which  becomes  greater  in  inspiration  and  less  in  expira- 
tion. Note  the  immediate  collapse  of  the  lung  on  opening  the  pleural 
cavity. 


CHAPTER  XLV. 
VENTILATION  OF  THE  LUNGS. 

ThK    SPlltOMETKR    AND    THK    ST^THOORAPH. 

I'liK  ventilation  of  the  lungs  is  determined  by  a  gas-meter  through 
which  the  subject  breathes  by  means  of  an  anaesthetic  mask,  provided 
with  inspiratory  and  expiratory  valves.  Meters  with  a  very  low 
resistance  are  more  convenient  than  the  special  instrument  known  as 
the  spirometer  {Fig.  176),  although  the  latter  is  very  useful  for  some 
experiments. 

The  subject  of  the  experiment  should  breathe  through  the  mask  and 
meter  for  a  minute  or  two  before  a  record  is  tAken,  in  order  that  he 
may  become  accustomed  to  the  novel  conditions.  Then  the  volume  of 
each  breath  and  the  number  in  periods  of  consecutive  minutes  should 
be  determined.  A  table  should  be  made  to  show  the  results  obtained 
with  each  member  of  the  class,  for  the  differences  in  the  rate  and  depth 
of  breathing  in  healthy  men  are  considerable ;  some  men  breathe  slowly 
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ftiKl  deeply,  others  take  rapid  and  shallow  breaths.  The  volume  of  air 
breathed  per  minute  varies  from  9  to  5  litres,  the  nimiber  of  breatha 
from  33  to  10,  and  the  averages  for  the  volume  of  each  breath  from 
900  to  250  e.c.  It  is  important  to  remember  aa  a  general  rule  that 
what  is  lost  in  frequency  is  compensated  in  depth,  so  that  the  volume 
breathed  per  minute  by  a  man  with 
a  frequency  of  reepiration  of  10 
nmy  be  the  same  as  that  of  a  man 
whose  ordinary  rate  of  breathing  ia 
22  per  minute. 

The  tidal  air  is  the  volume  of 
air  breathed  at  each  reepiration,  and 
it  varies  from  900  to  250  c.c.  in  dif- 
ferent individuals.  Aft«r  breathing 
out  the  tidul  air  the  subject  should 
expire  as  deeply  as  possible ;  an 
additional  1500  to  2OO0  c.c.  will 
lie  recorded.  This  is  called  the 
supplemental  air.  Now  let  the 
subject  take  as  deep  an  inspiration 
aa  possible;  it  will  Iw  about  1500 
to  3000  c.c.  above  the  tidal  air. 
This  quantity  is  known  as  the 
complemeutal  air. 

The  so^-tUcil  vital  capacity  is  the 
greatest  volume  of  air  that  can  be 
expired  after  the  deepest  possible 
inspiration  ;  it  is  composed  of  tidal 
air  500  e.c.  +  lompleniental  air  1 500 
c.c.  +  supplemental  air  1500  c.c.  It 
is  about  3500  c.c,  bnt  too  much 
importance  should  not  ))e  attached  to  it,  for  it  depends  largely  upou 
practice  and  control  of  the  inspiratory  and  expiratory  muscles.  A 
broken-winded  Itundsman,  who  ia  accustomed  to  control  the  blast  of  air 
which  he  delivers  to  his  instrument,  may  have  a  so  called  vital  capacity 
greater  than  that  of  an  athlete. 

The  Effect  of  Uoacnlar  Exercise  upon  the  Respiration  is  very  great ; 
within  a  few  minutes,  varying  acconiing  to  the  severity  of  the  work 
and  the  condition  of  the  subject,  the  voltmic  of  air  breathed  may  be 
doubted,  the  nnmlier  of  breaths  showing  a  smaller  increase.  The 
breathing  is  deeper,  and  the  mouth  is  opened  tii  diminish  the  resist- 
ance to  the  passage  of  the  air  in  and  out  of  the  chest.     Discomfort 
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or  distresR  is  caused  by  any  resistance,  and  for  this  reason  it  is 
impossible  to  cleterniinB  the  tnie  volume  unless  tho  resistance  of  the 
recording  appiuatua  is  low.     Connect  up  two  gas  meters  with  a  T-piece 


1 


and  determine  the  volume  and  rate  of  rcspiriitiun    before  and  after 
running  down  and  up  a  Hight  of  stairs. 
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The  Oiaphic  Bscord  of  the  Bespiiatoiy  MoTemeats. — For  this 
purpose  an  iiiatniment  known  as  the  ^etho^rofph  is  uaed.  There  are 
various  fonns,  two  of  which  are  shown  in  Figs,  177  and  l78.  A 
receiving  tambour  constructed  like  a  drum  is  fastened  to  the  cheat,  and 
is  connected  with  a  recording  tambour,  the  lever  of  which  writes  on  a 
smoked  drum  The  subject  of  the  experiment  should  not  be  allowed 
to  see  the  movements  of  the  lever,  for  the  respiration  is  easily  affected 
by  nervous  impressions.  Take  a  graphic  record  of  the  respirations  and 
mark  the  time  relations  of  inspiration  and  expiration  by  means  of  a 
chronograph  giving  seconds. 


CHAPTER    XLVI. 
CHEMISTRY  OF  RESPIRATION. 

The  OompOBition  of  Inspired  Air,  Expired  Air  and  Alveolar  Air. — 
For  the  analysis  of  these  different  samples  of  air  the  beat  apparatus 
is  tiiat  of  Haldane.     The  gas  is  measured  in  the  graduated  gaa-burette 

A,  provided  with  a  three  way  tap.  Surrounding  the  gas-burette  is  a 
water-jacket  The  whole  is  supported  by  a  clamp  and  retort  stand. 
The  gas-burette  is  connected  by  pressure  tubing  to  the  levelling  tube 

B,  which  is  held  by  a  spring  clamp  attached  to  the  retort  stand.  A 
and  B  contain  mercury,  and  by  raising  or  lowering  B  gas  can  be  expelled 
from  or  drawn  into  A.  One  of  the  connections  of  the  three-way  tap  is 
used  for  taking  in  the  sample,  the  other  connects  the  burette  with 
an  absorption  apparatus  arraiige<l  as  in  the  figure. 

The  bulb  E,  filled  with  20  per  cent,  caustic  potash,  absorbs  carbon 
dioxide.  The  bulb  F,  filled  with  alkaline  pyrogallic  acid  solution,' 
absorbs  oxygen.  The  water  in  G  and  H  protects  the  pyro  solution 
from  the  air.  F  can  be  emptied  and  refilled  through  K  when  it  is 
necessary.  The  tap  on  the  absorption  pipetto  places  either  E  or  F 
in  coimection  with  the  gas  burette. 

The  preasure  in  the  burette  is  adjusted  by  using  the  potash  pipetto 
as  a  pressure  gauge  and  bringing  the  potash  before  every  reading  of 
the  burette  to  the  mark  M.  In  order  to  make  the  reading  of  the 
burette  independent  of  changes  in  temperature  and  barometric  pressure 
during  analysis  a  control  tube  N  is  employed.  N  is  connected  with 
the  potash  solution  by  means  of  a  T-tube.    The  tap  at  P  makes  it 

>  DiBBolve  100  grms.  of  atich  oaustjc  potash  in  GO  c.c.  of  water.  Add  10  grms. 
of  pyrogallio  acid  to  this  solution. 
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[jossible  ti}  reii  Icr  the  pi-essure  in  N  equal  to  that  of  the  atniosphei-e. 
At  the  iMjgimiirig  of  the  experiment  tho  potash  ia  adjusted  to  the  mark 
R  by  altering  S,  P  being  open.     P  ia  tlieti  cloaed,  and  not  opened  again 


till  the  analyses  are  complete.  The  barometer  and  the  temperature  of 
the  water-jacket  are  read.  Each  time  a  reading  of  the  burette  is  made 
the  potash  ia  brought  to  the  mark  R  by  altering  S,  and  to  the  mark  M 
by  means  of  the  levelling  tube  B.     Aa  the  control  tube  and  the  gas- 


!as  J 
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burette  are  kept  moist,  variations  in  the  tension  of  aqueous  vapour  in 
the  burette  are  also  corrected  by  the  control  tube. 

A  sample  of  expired  air  is  obtained  by  breathing  thraugh  the  tube 
into  the  burette  B  (Fig.  160).  A  and  B  are  filled  with  acidulated 
water,  and  B  is  controlled  by  a  clip. 

The  portion  of  B  which  lies  beyond  the  clip  is  squeeised  empty  of  air 
before  it  is  inserted  over  the  entrance  tube  of  the  Haldane  gas-burette. 
The  sample  is  then  taken  over  by  lowering  the  levelling  tube  and 
opening  the  clip. 

Atmospheric  Air,  measured  dry  at  standard  temperature  and 
pressure,  0*  and  760  mm.,  has  the  following  composition : — 

'2094  volumes  per  cent. 
003 


Oxygen, 
Carbon  dioxide. 
Nitrogen,     - 

There  are  also  traces  of  heli 


7809 
094 


ilium,  krypton,  neon,  xenon,  and  hydrogen. 
The  nitrogen  and  argon  appear  to  be  inert  as  far  as  the  higher  animals 
are  concerned,  and  in  ordinary  analyses  are  given  together  as  nitrogen. 
The  Expired  Air  varies  in  composition  according  to  the  rate  and 
depth  of  respii-ation ;  this  is  shown  by  the  following  analyses  made  by 
Speck. 

Typa  o(  |ier  mtnulu.  PBiwnUge  ol  Psrcenta^ol 


Nonuat, 

Very  shallow, 
Very  deep,     - 

Stated  iti  whole  number 


15-50 
18-29 


17,ft*7 

the  composition  may  bo  given  as  follows  :- 


Inspired  Bir,     -         ■  -21  (H-OS)  7» 

Kxpiredair,  -  16  4  80 

There  are  other  differences  between  inspire<1  and  expired  air.  Under 
ordinary  conditions  expired  air  ia  warmed  nearly  to  the  temperature  of 
the  body  and  is  saturated  with  water  vapour;  it  has  about  6  per  cent, 
of  moisture,  whereas  ordinary  atmospheric  air  has  about  1  per  cent. 

The  expired  air  is  a  mixture  of  air  from  the  so-called  "  dead  space  " 
of  the  respiratory  tract  and  of  air  from  the  alveoli  of  the  lungs,  where 
the  exchange  of  gases  between  the  blood  and  the  air  takes  place.  The 
"  dead  space  "  extends  from  the  nose  to  the  alveoli  and  has  a  capacity 
of  about  150  c.c.  in  an  adult  man.  In  an  ordinary  expiration  the  first 
portion  of  air  to  leave  the  nose  or  mouth  is  from  this  "dead  space," 
theu  mixed  air,  and  finally  air  from  the  alveoli. 
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The  AIveolftT  Aii. — The  composition  of  the  alveolar  air  is  deter- 
mined, according  to  the  method  introduced  by  Haldane  and  Priestley, 
by  an  analysis  of  the  last  portion  of  the  air  expired  in  an  ordinary 
ezjnration.  The  experiment  may  be  performed  in  the  following  way. 
An  anaeBlhetic  mask  is  connected  by  a  T-piece  to  a  piece  of  tubing 
80  cm.  long  and  1*8  cm.  internal  diameter;  to  the  free  end  of  the  T- 


Pin.  lei.— AppsntUH  lor  cuUecUoD  of  ■  uunpla  of  AI'BoUr  Air. 

piece  is  connected  (Fig.  Itjt)  a  gas-sampler  with  a  capacity  of  50  cubic 
centimetres.  The  subject  of  the  experiment  fits  the  mask  to  his  face 
and  makes  an  ordinary  expiration ;  as  soon  as  tite  expiration  ceases, 
the  tap  of  the  gas-sampler,  the  air  of  which  has  previously  been 
removed  by  a  vacuum-pump  or  gas-pump,  is  opened  and  a  sample 
of  the  last  portion  of  the  expired  air  is  collected  before  the  mask  is 
removed  from  the  face.  The  analysis  of  the  air  is  performed  in  the 
manner  already  described.  The  percentage  composition  is  about  6'& 
carbon  dioxide,  14'5  oxygen  and  80  nitrogen. 

It  is  an  advantage  to  determine  the  volume  of  each  expiration  by  a 
spirometer  attached  to  the  end  of  the  tubing,  and  it  is  important  that 
the  subject  of  the  experiment  should  by  a  little  practice  with  the 
apparatus  learn  to  breathe  naturally,  otherwise  a  fair  sample  will  not  be 
obtained. 

The  partial  pressure,  or,  as  it  is  oft«ii  called,  the  tension  of  the 
component  gases  is : — 
Diy  almoxpherk  air : 

21 
Oxygen  approximately  -prj^x  760  =  1 69'C  mm.  of  mercury  or  31 

per  cent,  of  an  atmosphere. 
Nitrogen  approximately  jQ=x  760  =  600*4  mm.  of  mercury  or  79 
per  cent  of  an  atmosphere. 
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0-03 


0228  mm.  of  mercury 


Carbon  dioxide  approximately  -^ 

or  0'03  per  cent,  of  &n  atmoephere. 
The  tensions  of  the  gues  of  the  iJveolar  air  are  calculated  in  a 
Bimilar  way,  but  the  tension  of  aqueous  vapour  must  be  deducted  from 
the  pressure  of  the  atmosphere. 


CHAPTER  XL VII. 

DETERMINATION  OF  THE  RBSPIRATORY  EXCHANGE  IN  MAN. 

An  estimation  of  the  intake  of  oxygen  and  output  of  carbon  dioxide 

can  be  made  by  analyses  of  continuous  samples  of  the  air  expired 


Flo.  1st.    ZUDta  iwplntion  appuatua.    Ths  lubjBct  mi  _     ._. 

Tbs  Inlst  and  ouUet  tulwa  are  cuutrulled  bf  Taliei  D  and  C,  made  ol  p 
Intaatlna  wblcb  baie  been  loakBd  In  glymriae.  A  inuU  uoiple  nl  tbe  gipIrM  air  u 
■teadUl'  drawn  oB  Into  the  burette  A  by  the  eeape  o(  mercury  (rum  the  tube  trhleb 
It  lowered  by  the  nTolutlon  of  the  meter  B.  Tbe  meter  glTee  the  total  Tolume  ct 
air  breathed.  The  mnuund  aample  In  the  buiettn  Is  uuil^nd  by  Baldaua'a  gaa 
iqipantua. 

through  a  meter.     The  method  introduced  by  Zuntz  for  the  purpose 
of  collecting  such  a  sample  is  illustrated  in  Fig.  182. 
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It  will  1m  sufficient  if  the  student  makes  the  determinaliou  in  the 
following  way.  He  should  collect  a  sample  of  expired  air  and  analyse 
it;  then  he  should  deternnine  the  average  volume  of  air  which  he 
breathes  in  a  minute.  The  methods  iuvoived  have  been  deaeribed  in 
previous  chapters.  From  the  data  obtained  a  calculation  can  be  made 
as  follows  :— 

The  man  breathed  7  litres  per  minute,  and  the  composition  of  the 
espired  air  was  16  per  cent,  oxygen  and  i  per  cent,  earbon  dioxide  ;  he 

-  =  350  c.c.  of  oxygen  and 


had,  therefore,  absorI>ed  21 

discharged   4 

qnotit 

volume  of  oxygen  absorbed 


16  =  5x 


100  ' 


180  c,c.   of   carbon  dioxide.     His  respiratory 

t,  the  ratio  of  the  volume  of  carbon  dioxide  discharged  to  the 
COa     280     4 

There  is  g,  decretue  of  kboul  I'g  in  the  volume  of  the  expired  air  u  compared 
with  tbe  inapired  &ir,  whan  both  are  meaiDred  at  (T  and  T60  mm.  ;  (he  ttefictC  ia 
due  tu  the  abaoiption  ot  »  aniall  quantity  of  oxygen  whii:li  doea  not  reappear  in 
combination  with  carbon  as  carbon  dioxide,  but  panses  out  of  Che  body  in  olbet 
products  oE  oxidation.  The  inureoaed  proportion  of  nitrogen  in  (he  expired  air 
■□list  be  taken  into  account  when  the  respiratory  quotient  ia  calculated  from 
vcihinietric  anatyaiH;  thua  for  every  100  c.c.  of  expiral  air  the  slightly  larger 
volume  of  inspired  air  contained  the  following  volunie  of  oxygen  : — 
_'J0'94  K  Nitrogen  of  expired  air 


0.= 


79  07 


The  respiratory  quotient,  therefore,  in  a  case  in  which  the  percenlagea  of 
nitrogen,  oxygen  and  carbon  dioxide  are  80,  16  and  4,  would  be  correctly 
calculated  as  follows  ;  — 

,.._,.      20-94  x  80     -,  ,„ 
Oxygon  of  nispired  Bir=  —-a.ni —  =2Mb  o.o. 


7907 


Oxygen  absorbed 
Respiratory  quotient 


^■21 'IS 
CO,_jl 
'  0/     51 


-16  = 


=0-77. 


The  respiratory  quotient  varies  according  to  the  nature  of  the  food 
which  undergoes  oxidation  in  the  body;  thus,  for  carbohydrates  it  is  1, 
for  protein  OS,  and  for  fat  0'7.     The  foUowiiig  formulae  represent  the 
oxidation  of  these  dilTercnt  substances  : — 
Vexlrose:  CeH,jO„  +  60,  =  6COa+  6H,0. 


CO. 


P=^-1. 


0, 

umin  (empirical  formuU) : 
C.jH,i3NigO,jS  +  770,  =  63CO,  ■ 


38H30  +  9CO(NH,),- 
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OUm :  C.Hj(C,gH„Oj),  +  800,  =  57CO,  +  52H,0. 

The  effect  of  muscular  exercise  upon  the  respiratory  exchange  ia 
most  marked ;  hard  work  may  incroaee  it  three  or  four  times. 

For  exact  work  upon  the  respiratory  exchange  of  man  a  rospiration 
chamber  ie  required.  Few  laboratories  poesess  euch  an  expensive 
apparatus,  but  the  principles  can  be  studied  in  the  simple  form  of 
respiration  apparatus  for  mice. 


CHAPTER  XLVIII. 

RBSPIRATION  APPARATUS. 

The  Haldane-Pembrer  Bespiiation  Appftiatns  for  the  Uoiue. — The 

apparatus  is  constructed  as  in  Fig.  183.  Each  double  absorption  tube 
ia  fitted  with  a  wire  loop,  so  that  the  glass  need  not  be  touched  with 
the  hand.  The  animal  chamber -a  light  beaker — is  provided  with  a 
thermometer  and  is  also  fitted  with  a  wire  loop.  The  raoieture  given 
off  by  the  animal  is  absorbed  by  pumice  saturated  with  sulphuric  acid 
in  the  tubes  AB.  The  carbon  dioxide  is  removed  by  soda  lime  in  the 
tube  C,  and  the  water  given  off  by  the  soda  linte  ia  caught  by  the  sul- 
phuric acid  tube  D. 


fm.  ISS.— Tfas  Bakliua-Fgnibn)'  mplrmtlDn  uppantui  (or  Uia  maiue. 

The  auimal  is  weighed  in  the  beaker  (with  the  tubes  closed)  before 
and  after  the  experiment.  A  dummy  beaker  is  placed  in  the  opposite 
scale  pan.  The  tubes  AB  and  CD  are  also  weighed  against  a  dummy 
pair  of  tubes.  During  the  weighings  the  exit  and  entrance  tubes  are 
left  unetoppered.  By  these  means  errors  due  to  condensation  of 
moisture  and  changes  of  barometric  pressure  or  temperature  are 
avoided,  and  the  weighings  can  be  carried  out  to  less  than  a  milli- 
gramme. 

The  air  entering  the  chamber  is  freed  from  carbon  dioxide  and  water 
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by  soda  lime  in  M  and  sulphuric  acid  pumice  in  N.    The  amounts  of 

water  and  carbon  dioxide  given  off  in  15  minutes  are  determined  by 

the  increase  in  weight  of  AB  and  CD  respectively.    The  amount  ot 

oxygen  absorbed  is  found  by  subtracting  the  loss  in  weight  of  the 

animal  weighed  in  the  chamber  from  the  total  loea  of  carbon  dioxide 

«id  water,  for  the  animal  absorbs  during  the  experiment  oxygen  and 

loses  water  and  carbon  dioxide. 

m.         ■■    CU,  erms.     32     CO,  by  volume  .    , 

The  ratio  -;, '  "        x  tt  =  ,.  .— — ■ —  respiratory  quotient. 

Oj  gnna.       44      Uj  by  volume 

The  effect  of  external  temperature  upon  the  respiratory  exchange 
may  be  studied  with  this  apparatus. 

Example.  The  beaker  containing  a  full-grown  mouse  was  placed 
in  a  water-bath  at  95*  C;  the  mouse  gave  off  from  250-315  decimgnns. 
of  carbon  dioxide  per  10  minutes,  and  was  active. 

When  the  temperature  of  the  hath  was  30°  C.  the  mouse  gave  off 
103-116  decimgrms.  carbon  dioxide  per  10  minutes,  and  was  ^wl.  The 
rectal  temperature  of  the  animal  scarcely  varied  during  the  experiment. 
Mammals  bom  in  a  helpless  condition,  naked  and  blind,  such  as  rats 
and  rabbits,  behave  like  cold-blooded  animals,  and  are  unable  to 
compensate  for  low  external  temperature  by  increased  metabolism;  the 
output  of  carbon  dioxide  sinks  as  their  body  tomperature  falls. 


CHAPTER  XLIX. 

THE  CHEMISTRY  OF   RESPIRATION.     THE  GASES  OF  THE  BLOOD. 

In  a  former  chapter  oxperimenta  were  given  to  prove  that  tfae  air 
which  is  taken  into  the  lungs  loses  a  portion  of  its  oxygen  and  gains 
carbon  dioxide;  these  changes  correspond  to  differences  in  the  gaseous 
contents  of  the  blood;  the  venous  blood  loses  carbon  dioxide  and  gains 
oxygen  in  passing  through  the  lungs,  and  thus  becomes  arterial. 
Analysis  shows  that  blood  contains  about  60  volumes  per  cent  of  gas, 
thus  100  volumes  of  arterial  blood  will  yield  20  volumes  of  oxygen,  40 
of  carbon  dioxide,  and  about  1  of  nitrogen  ;  100  volumes  of  venous 
blood  will  yield  13  volumes  of  oxygen,  48  of  carbon  dioxide,  and  1  of 
nitrogen. 

Extraction  and  Analrsis  of  the  Omob  of  the  Blood. — There  are 
many  forms  of  pump  for  the  extraction  of  the  gases  of  the  blood ;  the 
general  principle  is  the  exposure  of  the  blood  to  a  barometric  vacuum. 
It  will  be  sufficient  for  the  student  to  work  with  the  simple  form  of 
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pump  introduced  by  Leonard  Hill.  For  other  methodg  see  Barcroft's 
papers  on  the  subject  in  the  Journal  of  PhjguAoffij  or  Ergeimkxe  der 
Physu^ogie,  T"  Jahrgang,  1908. 

The  pump  eonaista  of  a  mercury  reservoir  A,  which  is  connected 
with  a  second  reservoir  B  by  means  of  pressure  tubing.  The  con- 
nection is  surrounded  by  a  mercury  cup.     The  upper  end  of  B  is  closed 


by  a  three-way  tap  fitted  with  mei-cury  cups.  By  means  of  this  tap  B 
can  be  put  in  connection  with  either  the  tube  E  leading  to  the  blood- 
receiver  F,  or  with  the  tube  C  leading  to  the  eudiometer  H.  The 
blood-receiver  F  is  constructed  of  three  bulba,  so  as  to  prevent  the  blood 
frothing  over  into  B  during  the  extraction  of  the  gases.  On  the  lower 
end  of  F  is  a  three-way  tap.  To  the  upper  end  of  F  is  fixed  a  piece  of 
thick  small-bored  pressure  tubing  provided  with  a  clip. 

The  mercury  used  to  fill  the  pump  must  bo  cleaned  and  the  pump 
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evacuated  before  use.  In  uaiiig  the  pump  the  manipulation  a  are  as 
follo.w  ;  F  is  placed  in  the  position  indicated  by  the  ilutted  line.  A  is 
raised  and  B  is  put  in  connection  with  F,  and  F  is  filled  with  mercury. 
The  tap  on  the  rubber  tube  at  the  upper  end  of  F  is  then  closeil, 
and  A  lowered  until  F  is  cxhaustoil,  except  for  ^  or  3  l-.c.  of  mercury 
which  are  purposely  left  within. 


tup  ol  tlis  mtrcurj  punp. 


The  screw  clip  on  the  lower  end  of  F  ia  next  closed,  and  F  is  theii 
detached  from  the  pump  and  weighefl,  A  sample  of  blood  is  collected 
in  the  following  way:  The  arterial  or  venous  cannula  is  cDnnect«d 
by  a  rubber  tube  to  F,  and  the  tap  turned  so  that  the  cannula  and 
tube  as  far  as  the  tap  are  filled  with  blnotJ.  A  sufficient  quantity  of 
blood  is  now  withdrawn  liy  turning  the  tap  into  connection  with  V. 
It  is  now  detached,  and  the  blood  is  defibrinated  by  shaking  it 
with  the  mercury  left  within  F  for  the  purpose.  F  is  then  again 
weighed,  and  the  weight  of  the  sample  obtained.  F  is  next 
affixed  to  the  tube  K,  and  E  is  exhauiite<L 
Finally  the  screw-clip  between  R  and  F  is  opened, 
and  the  gases  are  withdrawn  and  collected  in  the 
eudiomet«r.  To  facilitate  the  escape  of  the  gases 
F  is  place<l  iii  warm  water  ami  shaken.  If  the 
blood  froths  too  violently  the  frothing  can  be 
allayed  by  pouring  some  warm  water  on  the  tulw 
E.  The  tap  is  so  manipulate*!  that  the  gases  only, 
and  not  the  water  which  condenses  in  B,  are  driven 
over  into  the  eudiometer.  The  water  is  returned 
back  into  F.  Several  exhaustions  are  needed  to 
extract  the  gases.  The  eudiometer  tube  is  filled 
with  mercury  and  surrounded  with  a  water  jacket 
to  keep  the  temperature  constant.  The  eudio 
meter  is  transferred  to  a  vessel  of  mercury  and 
the  volume  of  gas  read,  the  level  of  mercury  vbmbI;  c.  eudiomr 
inside  and  outside  the  eudiometer  being  the  same.  "^  pi" 
The  tem|>erature  of  the  water  iji  the  jacket  of  the  eudiometer  is  a 
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read  and  the  barometric  pressure.  Potash  solution  20  per  cent  is  then 
introduced  into  the  eudiometer  by  means  of  a  pipette  provided  with  a 
bent  end.  The  carbon  dioxide  is  thus  absorbed  and  the  difference  in 
volume  read.  Pyrogallic  acid  is  then  introduced  and  the  oxygen 
absorbed.  The  remainder  is  nitrogen.  The  temperature  of  the  water 
jacket  is  kept  constant  by  adding  cold  water  during  the  estimation. 
To  correct  the  volume  of  gas  to  0*  and  760  mm.  the  following  formula 
is  employed :—  V  H-/ 

l+(.  0-00367  ■   760" 
where  H  —  the  observed  pressure,  /  the  tension  of  aqueous  vapour  at 
the  observed  temperature  /.     The  value  of  1  +(.  0-00367  and  of /are 
obtained  from  tables  (cf.  Sutton's  Vofvmefric  ^no/yfis). 


CHAPTER   L. 
THE  OXVOEN  CAPACTTY  OP  BLOOD. 

The  Fenicranide  Method  of  Detenulning  the  Ozrien  Capacity  of 
Blood,— Haldane  has  introduced  a  simple  method  of  determining  the 
oxygen  in  combination  with  the  haemoglobin  of  the  blood.  It  depends 
upon  the  fact  that  the  combined  oxygen  is  liberated  rapidly  and  com- 
pletely on  the  addition  of  a  solution  of  potassium  ferricyanide  to  laked 
blood.  The  gas  can  be  easily  collected  and  measured  with  apparatus 
similar  to  that  of  Dupr^  for  the  determination  of  urea  in  urine. 

The  apparatus  used  by  Haldane  is  shown  in  Fig.  187. 

The  process  is  conducted  in  the  following  way  :^20  c.c.  of  oxalated 
or  dehbrinated  blood,  thoroughly  saturated  with  air,  are  measured  from 
a  pipette  into  the  bottle  A.  To  this  are  added  30  c.c  of  a  weak 
solution  of  ammonia  made  from  ordinary  strong  ammonia  solution, 
sp.  gr.  0-88,  by  diluting  with  distilled  water  to  jgath.  The  ammonia 
prevents  the  evolution  of  carbon  dioxide  and  the  distilled  water  lakes 
the  corpueclee.  I'he  mixture  is  thoroughly  shaken  to  complete  the 
laking.  Into  the  tube  B  are  placed  4  c.c.  of  a  freshly  saturated  solution 
of  potassium  ferricyanide.  The  rubber  cork  is  inserted  into  the  bottle 
A  and  the  water  in  the  burette  ia  brought  to  a  level  close  to  the  top  by 
opening  the  tap  and  raising  the  levelling  tube.  The  tap  is  closed  and 
the  reading  of  the  burette  taken.  The  water  gauge  attached  to  the 
temperature  and  pressure  control  tube  is  adjusted  by  sliding  the  rubber 
tubing  backwards  or  forwards  on  the  glass  tube  D. 

The  bottle  A  is  lilted  so  that  the  ferricyanide  in  B  escapes  and  the 
mixture  is  shaken  until  the  evolution  of  gas  has  ceased.   If  the  pressure 
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gauge  indicates  an  alteratioD  in  the  temperature  of  the  water  this  is 
adjusted  by  the  addition  of  cold  or  warm  water  to  the  bath.  After 
allowing  the  temperature  to  become  constant  and  levelling  the  water 
in  the  burette  and  levelling  tube,  the  amount  of  gas  is  read.  The 
temperature  of  the  water  surrounding  the  burette  and  the  height  of 
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the  barometer  are  talceii  and  the  gas  is  reduced  to  its  volume  at  0* 
and  760  mm. 

I'he  chemistry  of  the  process  appears  to  be  as  follows :  — The  fern- 
cyanide  is  reducetl  to  ferrocyanide,  for  if  ferricyanide  be  added  to 
laked  blood  it  will  be  found  that  the  solution  gives  with  ferric  chloride 
the  blue  colour  which  indicates  the  presence  of  ferrocyanide.  Oxygen 
is  rendered  available  for  the  formation  of  methaemoglobin  after  the 
oxygen  of  the  oxy haemoglobin  has  been  liberated. 

Hb/  I  +  4N8^Cy,Fe)  +  4NaHC0j  =  0,  +  Hb<^ 

+  4Na,(Cy^e)  +  ^CO,  +  2H,0. 

In    this    case    Hb^  |   represents    oxy  haemoglobin,    and    Hb^Q 

methaemoglobin,  for   it  is   held   that   the  oxygen  atoms  are  luiited 
together  in  oxy  haemoglobin  but  not  in  methaemoglobin. 
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CHAPTEIi    LI.   llh>no,L'<lmth>i). 
THE  KFFECTS  OF  CHANGKS  IN  ATMOSPHERIC  PRESSURE 


Decreased  Atmospheric  PresBnre. — Demonstration.  A  mouse  and 
a  frog  are  placed  iiniler  the  hell  glass  of  the  air  pump  (Fig.  189),  A 
side  tube  is  connoobed  with  a  mercury  manometer.  The  latter  must 
be  long  enough  to  indicate  the  pressure  of  the  atmosphere.  On 
lowering   the   pressure  i-J   of   the  atmospheric   pressure   the  mouse 
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becomes  unconscious  and  asphyxiated,  while  the  frog  is  unaifect«d. 
The  effect  of  lessening  the  atmospheric  pressure  depends  entirely 
on  the  partial  pressure  of  oxygen.  The  normal  pressure  of  oxygen 
is  2094  per  cent,  of  an  atmosphere.  At  10  per  cent,  of  an  atmosphere 
there  arise  restlessness  and  dyspnoea,  and  at  atxiut  i  per  cent,  death. 
A  partial  pressure  of  oxygen  equal  to  7  per  cent,  of  an  atmosphere  cor- 
responds to  an  altitude  of  30  000  feet.  Death  from  want  of  oxygen  is 
common  in  foul  wells,  mines,  etc.,  where  "choke-tlamp"  collects,  and  has 
occurred  in  balloon  ascents. 
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Increased  Atmospheric  Fressiire. — Dkmonsteation.  A  curarised 
frog,  with  the  brain  pithed,  is  placed  in  the  high-pressure  chamber, 
the  web  of  one  foot  is  spread  out  on  a  wire  ring  beneath  one  of  the 
gloss  observation  discs.  The  apparatus  is  screwed  up  and  connected 
with  an  oxygen  cylinder.  The  circulation  in  the  web  is  observed 
with  a  microscope  using  au  inch  objective.'     The  pressure  is  increased 


to  20-30  atmospheres.  The  circulation  continues  unaffected,  for  the 
pressure  is  equally  transmitt«d  throughout  the  fluids  of  the  body. 
After  ten  minutes  the  chamber  is  decompressed.  Emboli,  formed  of 
gas  bubbles,  may  appear  in  the  capillaries,  and  the  circulation  ceases.' 
Such  gas  emboli  are  the  cause  of  the  symptoms  (paralysis,  etc.) 
observed  in  caisson  workers  and  divers.  Every  10  metres  in  depth  of 
water  roughly  equals  one  atmosphere.  The  workers  are  afTected  on 
or  after  decompression.  Re-compression  and  slow  decompression  is 
the  rational  cure  for  the  symptoms  when  they  appear.  Compressed 
oxygen  is  also  ;«/■  w  a  poison.      It  lowers  metabolism,  diminishing 
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the  output  of  carbon  dioxide  and  the  body  temperature.  This  can 
be  observed  in  mice  placed  iu  a  high-pressure  chamber.  A  mouse 
is  affected  with  dyspnoea  iu  10  atmospheres  of  oxygen,  goes  into 
convulsions  and  soon  dies.     In  50  atmospheres  it  is  instantly  killed. 


CHAPTKK   Lll. 

THE   INFLUENCE  OF   CARBON   MONOXIDE. 

Carbon  Monoxidi!:  is  a  poisonous  gas  in  virtue  of  its  great  affinity  for 
haemoglobin;  oxygen  is  displaced  and  carboxyhaemoglobin  is  formed. 
Unconsciousness,  convulsions,  and  death  are  produced  by  the  lack  of 
oxygen  which  arises  when  a  large  portion  of  the  haemoglobin  is  com- 
bined with  carbon  monoxide  and  thus  deprived  of  its  power  of  carrying 
oxygen. 

Carbon  monoxide  is  present  as  an  impurity  in  coal-gas,  and  in  water-gas, 
which  is  often  used  in  the  adulteration  of  coal-gas,  the  percentage  is  a  very 
high  one.  It  is  due  to  this  gas  that  death  so  often  results  from  coal-gas 
poisoning.  Iu  the  air  of  mines  after  an  explosion  there  is  present  a 
large  quantity  of  carlxin  monoxide,  due  to  the  incomplete  combustion 
of  coal  dust;  miners  overtaken  by  such  a  disaster  genera-liy  die  from 
poisoning  by  this  gas. 

Demonstration.  A  white  rat  or  mouse  is  selected  for  the  experi- 
ment, for  it  is  easier  in  such  animals  to  see  in  the  snout  and  feet  the 
change  of  colour  due  to  the  formation  of  the  carboxyhaemoglobin.  The 
animal  is  placed  under  a  glass  hell  jar  and  coal-gas  is  admitted;  it 
becomes  restless,  unconscious,  convulsed,  and  dies  within  a  few  seconds. 
This  is  one  of  the  quickest  methods  of  killijig  an  animal,  and  has  the 
advantage  that  it  rapidly  produces  unconsciousness. 

If  the  animal  be  removed  to  free  air  at  the  beginning  of  the  stage  of 
unconsciousness  it  may  recover.  The  carboxyhaemoglobin  is  gradually 
dissociated  and  oxy haemoglobin  is  formed  in  its  place.  In  rabbits  this 
occurs  very  rapidly  ;  the  animal  quickly  recovers,  (Hissing  through  a 
stage  of  incoordination. 

Haldune  has  shown  that  the  best  indicator  of  the  presence  of  i*oison- 
ous  doses  of  carbon  monoxide  is  a  small  warmblooded  animal,  such  as  a 
mouse  or  bird,  which  is  affected,  owing  to  its  rapid  respiratory  exchange, 
much  sooner  than  a  man.  This  method  has  been  employed  with  success 
by  rescue  parties  entering  a  coal  mine  after  an  explosion. 

The  colour  of  the  snout  and  feet  of  the  white  mouse  or  rat  killed  by 
carbon  monoxide  is  pink  or  cherry  red.    Tlic  blood  in  the  viscera  has  a 
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similar  colour  and  the  contrast  between  the  appearance  of  an  anioial 
killed  by  ordinary  asphyxia  produced  by  a  blow  on  the  head  and  one 
killed  by  lack  of  oxygen  due  to  carbon  monoxide  is  very  striking. 

Perfiirm  this  simple  and  practical  test  for  carbon  monoxide.  Kill  two 
animals,  one  by  a  blow  on  the  head,  the  otfaer  by  coal-gas.  Cut  open 
their  bodies  and  compare  the  colours  of  the  viscera.  Place  a  drop  of 
blood  from  each  animal  in  separate  teat  tubes,  dilute  with  distilled  water 
and  examine  in  good  daylight.  The  blood  containing  carboxy haemo- 
globin can  be  distiiiguiahed  easily  by  its  cherry  red  colour;  it  is  more 
pink  and  less  yellow  than  the  ordinary  diluted  blood.  This  test  can  be 
confirmed  by  the  examination  of  the  two  »im[i]es  of  blood  with  the 
spectroscope  (p.  346). 

The  treatment  of  cases  of  carbon  monoxide  or  coal-gas  poisoning  is  to 
give  oxygen  to  increase  the  dissociation  of  carboxy haemoglobin  and  to 
keep  the  patient  warm  in  order  that  bis  metabolism  and  the  excitabilitj- 
of  his  nervous  system  may  be  raised. 


CHAPTER   LIII. 

THE   REGULATION   OF   RE-SPIRATION. 

Thk  ventilation  of  the  lungs  is  regulated  by  a  nervous  centre  in  the 
medulla  oblongata.  This  can  be  proved  by  a  series  of  experiments,  in 
which  different  portions  of  the  central  nervous  system  are  destroyed. 

Demonstkation.  The  medulla  of  an  anaesthetised  animal  is 
destroyed  in  the  region  of  the  calamus  scriptorius ;  respiration  ceases 
immediately  and  the  animal  dies  of  asphyxia. 

By  experiments  upon  other  animals  it  can  be  proved  that  destruction 
of  no  other  part  of  the  central  nervous  system  will  produce  this  sudden 
ceaaation  of  all  respiratory  movement.  If  the  spinal  eord  be  divided 
close  to  the  medulla  the  chief  respiratory  muscles  will  be  {taralysed, 
but  the  movements  of  the  nares  will  show  that  the  centre  la  not 
destroyed. 

The  respiratory  centre  is  influenced  in  two  ways:  (!)  by  the 
composition  of  the  blood  which  supplies  it,  and  (ii)  by  nervous 
impulses  which  affect  its  excitability.  Experiments  upon  these  [Mjints 
can  be  performed  by  the  student  upon  himself;  he  can  alter  the 
composition  of  the  air  in  bis  lungs  and  thus  affect  the  gaseous 
composition  of  his  blood. 

Influence  of  breathing  air  containins  carbon  dioxide. — The  subject 
of  the  experiment  breathes  air  through  a  mask  and  valves  and  the 
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ventilation  of  the  lungs  is  determined  by  a  meter.  Then,  unkaown  to 
the  subject,  the  air  to  bo  breathed  is  taken  from  a  gas  bag  containing 
air  with  3  or  4  per  cent,  of  carbon  dioxide.  The  breathing  is 
increased.  Carbon  dioxide  stimulates  the  respiratory  centre.  In 
order  to  check  any  effects  of  change  in  resistance  or  of  suggestion  the 
gas  bag  should,  unknown  to  the  subject,  be  filled  with  pure  air  and  the 
experiment  repeated.  Air  containing  8  or  9  per  cent,  of  carbon 
dioxide  will  produce  intolerable  discomfort  or  distress. 

Influence  of  breathing  different  percentages  of  oxygen. — After 
breathing  air  for  some  time,  the  subject  breathes  pure  oxygen  from  a 
bag:  the  rate  and  volurae  breathed  generally  show  no  change,  if 
precautions  have  been  taken  to  avoid  the  effects  of  suggestion.  If  the 
oxygen  be  moistened  with  water  most  men  cannot  distinguish  it  from 
air  taken  from  a  similar  bag. 

Air  containing  about  15  per  cent,  of  oxygen  can  be  collected  free 
from  carbon  dioxide  by  breathing  slowly  through  a  flask  or  tin  of  soda 
lime  into  a  gas  bag.  Experiments  with  this  gas  will  show  no  change 
in  the  rate  or  volume  of  the  air  breathed.  A  fall  of  5  or  6  per  cent,  in 
the  amount  of  oxygen  in  the  air  is  not  detected.  When  the  oxygen  ia 
only  10  per  cent,  effects  are  produced  ;  these  will  be  studied  in  later 
experiments. 

Influence  of  holding  the  breath. — Hold  the  breath  to  tlie  "  breaking 
point "  and  then  collect  a  sample  of  alveolar  air.  The  carbon  dioxide 
will  rise  to  T  or  8  per  cent. ;  the  oxygen  will  fall  to  about  10  per  cent. 

Repeat  the  experiment  after  breathing  oxygen  for  two  or  three 
minutes.  The  "breaking  i)oint"  will  not  occur  so  soon,  but  the  rise  in 
the  carbon  dioxide  will  be  the  determining  factor,  for  the  oxygen  in 
the  alveolar  air  may  be  above  20  per  cent,  at  the  end  of  the 
experiment.    The  carbon  dioxide  may  rise  to  10  per  cent. 

Influence  of  forced  bre&thing.— Take  a  series  of  rapid  and  deep 
breaths  for  about  half  a  minute,  recording  the  movements  by  the 
stethograph.  Stop  breathing  when  a  sensation  of  giddiness  is  ex- 
perienced. There  will  be  no  inclination  to  breathe  for  about  a  minute. 
The  condition  is  one  of  ajmoea,  due  to  the  washing  out  of  carbon 
dioxide  from  the  lungs  and  blood.  The  composition  of  the  alveolar  air 
will  indicate  the  changes  which  occurred,  as  shown  by  the  following 
example.  The  subject  breathed  rapidly  and  deeply,  IT  times  in  18 
seconds.  A  sample  of  alveolar  air  from  the  last  expiration  yielded  on 
analysis  2'oO  vols,  per  cent  of  carbon  dioxide  and  19'23  of  oxygen. 
Apnoea  followed.  The  sample  of  the  first  expiration,  when  a  desire  to 
breathe  was  felt,  had  the  following  composition ;  carbon  dioxide  5'59 
vols,  per  cent.,  oxygen  12-59  per  cent. 
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The  experiment  should  then  be  repeated  with  this  diSerenoe; 
oxygen  instead  ot  air  should  be  breathed.  The  period  of  apnoea  will 
be  much  longer,  for  the  subject  of  the  experiment  will  have  more 
oxygen  in  his  lungs  and  more  in  his  venous  blood. 

Forced  breathing  interferes  with  the  circulation  and  often  produces 
giddiness.  An  examination  of  the  pulse  will  show  that  the  systolic 
pressure  is  diminished  by  each  inspiration.  If  oxygen  is  token  in 
during  forced  breathing  there  is  less  discomfort;  the  brain  receives 
more  oxygen  even  if  its  circulation  of  blood  is  disturbed. 

Influence  of  Huicnlar  ExerdM. — The  subject  of  the  experiment 
should  take  vijiorous  muscular  exercise  sufficient  to  produce  hyper- 
pnoea,  but  not  long  enough  for  the  production  of  "second  wind,"  A 
sample  of  alveolar  air  taken  immediately  ailer  the  exercise  will  show 
in  many  cases  a.  considerable  rise  in  the  percentage  of  carbon  dioxide 
and  a  small  fall  in  that  of  oxygen.  If  the  exercise  be  continued  until 
"second  wind"  has  been  established,  the  alveolar  air  will  «liow  less 
carbon  dioxide  and  more  oxygen.  This  accommodation  varies  in 
different  subjects,  but  the  following  example  may  be  given. 

PbRCENTAOE  COHPOSITIOK   OF  ALVEOLAR   AlR. 

Chibon  dloxlda.  Oinnn.  ^t 

VOm.  ViSt  ^' 

0-78         At  rest. 

1  HO       Af Ur  muDJng  }  mile. 
0*93        After  ronning  )  mile  mon. 
"  8«oaud  wind."  Sweating. 

"Second  wind  "  appears  to  be  a  complex  adjustment  of  the  respira- 
tion and  circulation  to  the  demands  of  muscular  work. 


CHAPTER  LIV. 

CBEYNE-STOKES  RESPIRATION. 

In  certain  cases  of  heartrdisease  a  well-marked  alternation  of  apnoea 
and  hyperpnoea  was  observed  and  described  by  Cheyne  and  Stokes. 
This  phenomenon  is  characterised  by  a  period  of  waxing  and  waning 
respiration  followed  by  a  period  of  apnoea  (Fig.  191). 

In  some  healthy  men  Haldane  and  Douglas  have  shown  that  this 
type  of  periodic  breathing  can  be  produced  in  the  following  way.  The 
subject  breathes  through  a  small  tin  of  soda  lime  provided  with  wire 
gauze  to  prevent  the  suction  of  small  pieces  of  soda  lime  into  the 
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mouth,  and  connected  at  the  far  end  with  a  piece  of  tubing  about  260 
em.  long  and  of  about  2  cm.  bore.  The  subject  thus  rebreathea  his 
own  expired  air  after  it  has  been  deprived  of  carbon  dioxide  by  the 
soda  lime.  The  percentage  of  oxygen  necessarily  falls,  the  respiratory 
centre  becomes  excited  aud  hyperpnoea  begina.  Some  fresh  air  from 
outside  the  tube  will  be  taken  in  with  each  deep  breath  and  the 
percentage  of  oxygen  will  rise.    The  hyperpnoea,  however,  has  washed 
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out  a  quantity  of  carbon  dioxide  from  the  blood  and  air  in  the  lunge, 
and  apnoea  resulta  owing  to  lack  of  sufBcieut  carbon  dioxide  to  excite 
the  respiratory  centre.  Thus  this  alternation  of  breathing  and  apnoea 
may  continue  for  several  minutes  or,  it  may  be,  hours.  Some  healthy 
men  exhibit  Cheyne-Stokes  respiration  readily  when  they  perform  this 
experiment;  others  do  not. 

Apnoea  can  be  abolished  by  either  (i)  air  containing  3  or  4  per 
cent,  of  carbon  dioxide,  or  (ii)  pure  oxygen,  or  (iii)  air  containing  a 
deficiency  of  oxygen,  about  1 2  per  cent,  of  oxygen. 
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CHAPTEK  LV. 

THE  INFLUENCE  OF  THE  VAGUS  UPON  RESHRATION. 

Thk  lungs  are  supplied  with  motor  and  sensory  fibres  from  the  vagus 
nerve ;  the  motor  fibres  paas  to  the  involuntary  muscle  fibres  of  the 
bronchiolee  and  control  their  contraction;  the  sensory  fibres  carry 
impulses  from  the  lunge  to  tho  respimtory  centre  to  co-ordinate  the 
respiratory  movements.  The  latter  group  of  fibres  can  be  stimulated 
by  the  degree  of  distension  of  the  alveoli,  and  may  be  divided  into 
expiratory  and  inspiratory  fibres. 

DkmoNSTration.  a  rabbit  is  anaesthetised  with  chloral,  urothane, 
or  ether.  The  trachea  and  vagi  nerves  are  exposed  and  a  cannula  is 
placed  in  the  trachea.  The  respiratory  movements  can  be  recorded  and 
rendered  visible  to  a  large  class  by  fastening  one  end  of  a  thread  to  a 
tuft  of  fur  in  the  epigastric  region  and  the  other  end  t«  a  lever.  The 
rate  and  depth  of  respiration  are  observed,  then  the  effect  of  blowing 
air  into  the  lungs,  and,  after  an  interval,  tho  effect  of  sucking  air  out 
of  the  lungs.  Positive  ventilation  produces  expiratory  apnoea, 
negative  ventilation  a  condition  of  continued  contraction  of  the 
diaphragm. 

One  vagus  is  now  divided ;  little  or  no  change  will  be  observed  in 
the  rate  and  depth  of  respiration,  but  when  the  other  vagus  is  cub  the 
breathing  becomes  very  slow  and  deep.  The  experiments  of  positive 
and  negative  ventilation  are  repeated.  The  efiects  previously  seen  are 
absent.  It  is  possible,  however,  by  excessive  ventilation  of  the  lungs 
to  reduce  the  pressure  of  carbon  dioxide  in  the  blood  and  produce 
apnoea. 

The  rabbit  is  now  killed,  and  the  tracheal  cannula  is  connected  with 
a  water  manometer.  Excitation  of  the  peripheral  end  of  the  vagus  with 
a  farodic  current  will  cause  a  email  rise  of  prcesure  in  the  manometer, 
due  to  the  contraction  of  the  bronchial  muscles. 

The  rhythm  of  respiration  is  maintained  by  the  changes  in  the 
composition  of  the  blood,  not  by  reflex  action  due  to  alterations  in  the 
distension  of  the  lungs.  The  vagus,  however,  influences  the  respiratory 
centre,  thereby  coordinating  the  respiratory  movements,  and,  in 
addition,  it  is  probable  that  it  influences  at  the  same  time  the  cardiac 
centre  and  harmonises  the  working  of  the  heiirt  and  lungs. 

After  section  of  both  vagi  the  animal  dies  in  a  day  or  two  from 
septic  broncho-pueumonia,  due  to  the  passage  of  food  or  saliva  into  the 
trachea  and  bronchi.     I'he  larynx  is  paralysed  by  section  of  the  vagi 
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high  up  in  the  neck,  and  even  if  the  ner\-es  be  cut  below  the  laryngeal 
brancbee,  the  paralysis  of  the  oesophagus  leads  to  such  an  accumulation 

food  therein  that  particles  pass  over  into  the  respiratory  tract, 
with  a  double  oesophageal  fistula  have  lived  for  months  after  aection 
of  both  vagi ;  the  fistiilae  prevent  the  passage  of  food  or  saliva  into  the 
trachea  and  lungs. 


CHAPTER  LVI. 
ANIMAL  HEAT. 

Difference   between  Warm-blooded  and   Cold-blooded  Animals. — 

Warm-blooded  animals,  such  as  mammals  and  birds,  regulate  their 
bodily  heat  so  that  their  internal  temperature  remains  constant  not- 
withstanding changes  in  the  temperature  of  their  environment;  there 
ia  little  or  no  difference  in  the  internal  temperature  of  men  whether  they 
be  liWng  in  the  tropica  or  in  the  arctic  regions.  Cold-blooded  animals 
cannot  regulate  their  bodily  heat;  their  internal  temperature  varies 
with  and  in  the  same  direction  as  that  of  their  surroundings.  There 
is,  however,  no  hard  and  fast  distinction  between  the  warm-blooded 
and  the  cold-blooded  animals.  Hibernating  mammals,  such  as  the 
hedgehog,  dormouse,  and  hat,  are  warm-blooded  during  the  time  of 
activity,  but  become  cold-blooded  when  they  hibernate.  Young 
mammals  and  birds  in  a  natural  condition  of  immaturity,  when  they 
are  naked  and  blind,  cannot  maintain  their  temperature  at  a  constant 
level;  they  need  the  warmth  of  the  parent's  body.  A  simitar  con- 
dition is  seen  in  delicate  or  premature  infanta. 

The  Temperature  of  Man. — The  average  temperature  of  man  is 
98'-4  F.  (36°-»9  C).  It  is  taken  by  means  of  a  clinical  thermometer 
which  is  either  inserted  in  the  rectum,  axilla,  or  mouth,  or  the  subject 
micturates  over  the  bulb  of  the  thermometer.  Take  the  temperature 
of  your  mouth  at  each  hour  of  the  day.  Chart  out  the  results  on  a 
temperature  chart  and  observe  the  daily  variation  (Fig.  192).  Take 
the  temperature  before  and  immediately  after  muscular  exercise,  such 
as  a  fifteen  minutes'  run.  The  temperature  may  rise  to  lOO'-lOl'F. 
(37" -7  8-38' -33  C.)  or  even  more  on  a  hot  day.  A  rise  of  t«mperature 
can  be  constantly  observed  if  the  thermometer  be  placed  in  the  rectum 
or  stream  of  urine  ;  the  buccal  temperature  may  for  the  reasons  given 
below  show  a  fall  in  temperature  during  muscrilar  work.  It  ia  impor- 
tant to  remember  that  the  daily  range  in  the  internal  temperature  of  a 
healthy  man  may  be  from  97°-0  F.  (36°-l  C.)  to  99'-6  F.  (37'-56  C.) ; 
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and  that  observations  taken  in  the  month,  even  when  it  is  firmly  closed, 
are  liable  to  be  low,  owing  to  the  danger  of  cooling  of  the  tissues  of 
the  mouth,  externally  by  cold  air,  internally  by  the  inspired  air. 

Heat  Eegulation.— Take  a  large  frog,  and  insert  a  small  thermometer 
in  the  rectum   or  flex    up  the    thigh,    and    insert    the   thermometer 
between  it  and  the  abdomen,  and  record  its  temperature.     Place  the 
frog  in  warm  water  at  30'  C.     After  10  minutes  observe  its  tempera- 
ture.    It  will  have  reached  the  same  temperature  as  the  water.     Cool 
the  frog  again  in  cold  water  and  take  its  temperature  again.    Then 
place  it  for  10  minutes  in  a  thermostat  heated  to  35"  C.     In  the  dry 
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Fio.  lUJ.— Dully  vsrt.tlon  ol  lemporatutB  of  nmn,     (M.S.  P,> 

warm  air   the   frog's  temperature  will  not  rise  to  more  than  about 
30*-33"  C.     This  is  owing  to  the  evaporation  of  water  from  the  frog's 
skin.     Take  the  temperature  of  a  mouse  in  the  rectum  and  then  place 
it  in  a  dry  thermostat  at  30°  C.  for  10  miimtea.     The  temperature  of 
the  animal  will  scarcely  vary.     Note  the  qiiickened  respiration  of  the 
animal.     This   increases   the    evaporation   of  water    from    the    lungs. 
Note  the  way  it  sprawls  out  ita  limbs  so  as  to  increase  the  loss  of  heat 
by  radiation,   convection,  and   conduction.     A  man   cannot  bear  for 
more  than  a  few  minutes  immersion  in  a  bath  of  water  at  a  temperature 
of  44°  C,  but  he  can  stay  for   twenty  minutes  in  a  dry  atmosphere 
heated   to    12rC.     The    body   temperature    is    then    regulated  by 
sweating. 

LoBB   of    Heat.— An    approximate    estimation   of    the    amount   of 
moisture  lost  by  a  man  during  exercise  or  exposure  to  heat  can  be 
made  by  weighing  him  naked  before  and  after  the  exercise.     Moisture 
is  lost  from  the  skin  and  lungs,  chiefly  from  the  former. 

The  temperature  of  the  skin  also  influences  the  loss   of  heat   by 
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radiation,  convection  and  conduction.  It  may  be  readily  taken  by  a 
mercurial  thermometer  with  a  flat  bulb.  A  diffurence  of  10°  C.  may 
be  observed  in  the  temperature  of  the  skin  of  the  hand  in  summer  and 
winter;  in  warm  weather  the  cutaneous  blood-vesaels  are  dilated,  in 
cold  weather  they  are  contracted.  The  temperature,  however,  of  those 
parts  of  the  body  which  are  constantly  covered  with  clothing  shows 
little  change. 

Clothes  diminish  the  loss  of  heat  from  the  body  by  enclosing  layers 
6f  stationary  air,  so  that  the  surface  of  the  trunk  and  limbs  is  sur- 
rounded by  11  layer  of  air  nearly  as  warm  as  the  skiu. 

EXPEKIMKNT.  Take  the  temperature  of  the  skin  of  the  hand  and 
compare  it  with  that  of  the  chest  or  aMomon.  Compare  alao  the 
temperatures  recorded  in  the  air  space  between  the  coat  and  waistcoat, 
between  the  waistcoat  and  shirt,  between  the  shii*t  and  vest,  and  lastly 
between  the  vest  and  skin.  In  cold  weather  it  will  be  found  that  the 
temperature  of  the-se  strata  of  air  shows  a  progressive  rise,  so  that  the 
air  between  the  vest  and  the  skin  is  almost  as  warm  as  the  skin  itself. 

The  heat  lost  from  the  skin  depends  upon  the  temperature  and 
moisture  of  the  air.  The  temperature  recorded  by  the  wet-bulb 
thermometer  is  the  important  factor;  it  can  be  taken  by  wrapping 
some  moist  cotton  round  the  bulb  of  a  thermometer  and  waving  it  in 
the  air,  but  always  keeping  it  upright,  bo  that  no  mechanical  displace- 
ment of  the  mercury  may  occur. 

Sweat- — The  discharge  of  sweat  is  under  the  control  of  the  nervous 
system,  and  a  simple  experiment  will  prove  the  existence  of  sudorific 
nerves.  A  cat  is  killed  by  an  overdose  of  ether  or  chloroform.  The 
aciatic  nerve  is  exposed  and  stimulated  by  a  strong  faradic  current; 
after  a  short  delay  beads  of  sweat  will  be  seen  on  the  pails  of  the  foot. 
The  pad  of  the  "pposite  leg  will  serve  as  a  contrast. 

Effect  of  Anaesthesia  on  the  Temperature  of  the  Body. — DoiON- 
sthatkjS.  a  small  mammal  is  anaesthetised  with  chloral  or  urethane 
after  its  rectal  temperature  has  been  taken.  Il'  the  animal  be  now  laid 
on  a  table  with  its  limbs  spread  out,  and  be  exposed  to  the  oi-dinary 
temperature  of  a  room,  its  temperature  will  fall.  This  is  chiefly  due  to 
the  cessation  of  muscular  movement  and  the  paralysis  of  the  central 
nervous  system,  which  regulates  the  temperature  of  the  body.  The 
same  etfect  follows  curarisation  ;  section  of  the  spinal  cord  in  the  lower 
cervical  region  ;  and  the  administration  of  large  doses  of  alcohol. 

Anaesthetised  patients  must  be  protected  from  cold.  Drunkards 
who  fall  asleep  on  the  roadside  on  a  winter's  night  are  easily  "frozen 
to  death." 
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CHAPTER  LVII. 


By  A.  F.  Hertz,  M.A.,  M.D.,  F.R.C.P..  Aniitust   PhyHidan,  Ute  DamonBtrator 
of  Phyiiologj,  Ouy's  Hospital. 

The  soft  viscera  are  transparent  and  the  salts  of  the  heavy  metals  are 
o[)aqiie  to  the  X-raya.  Wlien  therefore  any  part  of  tlie  alimentary 
canal  contains  food  mixed  with  such  a  salt,  it  casts  a  shadow  on  the 
tlorescent  screen,  when  X-rays  pass  throngh  the  body.  Bismuth  salts 
are  those  generally  employed,  as  they  are  not  abBorbe*!  and  do  not 
irritate  the  miicona  membrane.  The  oxychloride  is  the  most  useful  for 
this  purpose,  as  it  is  unaffected  by  the  hydrochloric  acid  of  the  gastric 
juice,  and  passes  through  the  alimentary  canal  without  influencing  its 
motor  functions  in  any  way. 

A  small  breakfast  should  be  taken  on  the  morning  of  the  examination 
in  order  that  the  stomach  may  be  as  empty  as  possible  when  the 
bismuth  meal  ia  eaten.  Half  a  pint  of  bread  and  milk  mixed  with  two 
ounces  of  bismnth  oxychloride  forms  the  meal.  A  penny  should  be 
fixed  over  the  umbilicus  by  means  of  strapping,  so  that  the  {Kisition  of 
the  stomach  and  intestine  in  relation  to  the  umbilicus  may  be  recog- 
nised- It  is  unnecessary  to  take  photographs,  but  the  outlines  of  the 
shadows  reen  on  the  screen  should  be  marked  out  with  blue  chalk  on  a 
auperimpoaed  piece  of  glass,  and  subsequently  copied  on  to  paper. 

Swallowing. — The  examination  is  lieguii  in  the  vertical  position. 
A  large  mouthful  of  the  bread  and  milk  is  swallowed,  and  its  passage 
through  the  oesophagus  into  the  stomach  is  watched.  For  tliis  purpose 
the  rays  should  pass  in  an  oblique  direction  through  the  thorax  from 
the  front  of  the  right  sid<!  to  the  back  of  the  left  side  in  order  that 
notliing  should  interfere  with  the  view  of  the  oesophagus,  which 
traverses  the  clear  area  between  the  shadow  of  the  heart  in  front  and 
that  of  the  spine  behind.  In  the  vertical  position  the  food  passes  with 
great  rapidity  to  the  back  of  the  pharynx,  and  thence  equally  quickly 
down  the  upper  part  of  the  oesopliagiis.  A  mouthful  of  ordinary  size 
occupies  at  any  given  moment  between  one  and  two  inches  of  the 
length  of  the  oesophagus.  If  several  mouthfule  are  swallowed  in  rapid 
succession  the  whole  of  the  oesophagus  becomes  visible  as  a  dark 
shadow. 

U'hen  the  fluid  reaches  the  cardia,  its  rapid  progress  is  arrested 
owing  to  the  sudden  diminution  in  the  lunion  of  the  oesophagus.     The 
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lower  end  of  the  column  or  food  tapers  to  a  point  which  represents  the 
cardiac  orifice  of  the  stomach,  the  upper  limit  becoming  horizontal. 
At  a  compantirely  slow  rate  the  upper  horitontal  limit  of  the  shadow 
descends,  the  lower  part  remaining  unaltered  in  shape  and  position 
until  the  last  trace  of  the  shadow  has  disappeared.  This  means  that 
the  fluid  runs  slowly  through  the  narrow  cardia  into  the  stomach  after 
having  been  shot  rapidly  down  the  greater  part  of  the  oesophagus. 

The  time  which  elapses  between  the  initiation  of  the  deglutition  act 
and  the  disappearance  of  the  last  trace  of  fluid  from  the  oesophagus 
should  be  measured  with  a  stop-watch.    It  varies  between  four  and  nine 


seconds  in  different  individuals.  About  one-half  of  the  total  period  is 
required  for  the  food  to  reach  the  lower  end  of  the  oesophagus,  the 
otiier  half  being  required  for  its  passage  through  the  cardia. 

Fig.  193  represents  diagrammatically  the  shadow  as  seen  at  intervala 
of  a  second. 

In  the  horizontal  position  the  fluid  passes  along  the  oesophagus 
slightly  less  rapidly  than  in  the  vertical  position.  A  similar  but  more 
prolonged  delay  takes  place  while  the  food  passes  through  the  oardia, 
the  prominent  end  of  the  column  being  in  this  case  rounded.  Some- 
times a  small  quantity  of  the  food  follows  more  slowly,  and  appears  as 
a  thin  streak  instead  of  the  comparatively  broad  band  seen  when  the 
oesophagus  is  filled. 

In  the  inverted  position,  with  the  head  directed  downwards,  the 
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food  can  be  seen  steadily  ascending  the  oesophagus  at  about  one-third 
the  rate  it  descends  in  the  vertical  position.  Owing  to  its  slower 
paaaage,  the  final  delay  at  the  cardia  is  less  obvious.  Sometimes  a 
little  fluid  rans  back  from  the  stomach  into  the  cardiac  end  of  the 
oesophagus,  whence  it  once  again  passes  into  the  stomach. 

Tie  Stomach. — The  X-ray  tube  is  now  lowered  so  tliat  the  rays  may 
traverse  the  abdomen,  and  the  individual  faces  directly  forwards. 
Underthelefthalfof  the  diaphragm  a  transparentarea  is  visible,  which 


represents  the  gas  normally  present  in  the  fundus  of  the  empty 
stomach.  More  of  the  bread  and  milk  is  now  swallowed,  and  it  can  be 
seen  entering  the  fundus  to  the  right  of  this  clear  area ;  the  shadow  of 
the  stomach  becomes  gradually  more  obvious  as  more  of  the  food  is 
taken.  The  tone  of  the  stomach  diminishes  as  more  food  enters,  so 
that  the  intragastric  pressure  remains  constant.  Consequently  the  upper 
and  lower  limits  of  the  shadow  remain  almost  constant,  whatever  quantity 
of  food  is  present.  When  the  whole  of  the  meal  has  been  taken,  the 
outline  of  the  stomach  should  be  marked  on  the  screen,  together  with 
the  position   of   the  umbilicus.     In   nearly  every   case  the  greater 
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curvature  reacheB  a  short  distance  below  the  level  of  the  umbilicuB. 
The  main  part  of  the  atomach  is  almost  vertical,  and  is  situated  to  the 
left  of  the  middle  line.  The  pyloric  end,  however,  pUBO  upwards  and 
to  the  right  across  the  middle  line  (Fig.  194).  The  upper  limit  of  the 
gastric  contents  is  aitu&ted  about  1^  inchei  below  the  diaphragm,  and 
ia  bounded  by  a  horizontal  line,  above  which  is  the  gas-containing  fundus. 
On  voluntarily  contracting  the  abdominal  muaclea  the  lower  border 
of  the  stomach  is  raised  several  inches,  and  on  relaxing  them  it 
generally  drops  an  inch  or  two. 


Pic.  lM(.~Dliignuii  of  abudoir  of  atommch  Id  tho  horlioulal  poaltlon. 


The  peristaltic  waves  can  be  seen  passing  from  the  centre  of  the 
greater  curvature  towards  the  pylorus.  They  can,  howover,  be  more 
conveniently  studied  in  the  horizontal  position. 

Tho  ozaminatioD  should  bo  continued  in  the  horizontal  position. 
The  greater  curvature  is  now  seen  to  have  risen  above  the  umbilicus, 
and  the  clear  area  in  the  fundus  is  no  longer  visible  (Fig.  195),  the  gas 
having  moved  to  the  most  superficial  part  of  the  stomach,  corresponding 
with  which  a  resonant  area  can  be  marked  out  by  percussion  below  and 
to  the  left  of  the  area  of  cardiac  dulness. 

Peristalsis  should  now  be  studied  in  moro  detail.    The  waves  start 
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about  midway  along  the  greater  curvature.  Ab  they  pass  slowly 
towards  the  pylorus  they  become  steadily  deeper,  until  about  one  inch 
from  the  entrance  into  the  pyloric  canal,  the  extreme  pyloric  end  of 
the  stomach  is,  as  a  rule,  completely  separated  from  the  rest  of  the 
organ  (Fig.  197).  The  part  thus  cut  off  gradually  diminishes  in  size 
owing  to  the  further  passage  of  the  peristaltic  wave  and  the  simul- 
taneous contraction  of  its  longitudinal  muscle-fibros.  Its  contents 
can  be  seen  to  pass  partly  backwards  as  a  reflux  stream  into  the 
stomach  and  partly  through  the  narrow  pyloric  canal  into  the 
duodenum. 


Fio.  197.— P«rist«lMg  Id  Uia  ■tomacli. 

Intestines. — The  shadow  of  the  duodenum  cannot,  as  a  rule,  be  very 
definitely  seen,  owing  to  the  rapid  passage  of  the  bismuth  out  of  it 
and  the  diminished  concentration  of  the  salt  due  to  the  large  quantities 
of  digestive  secretions  mixed  with  it.  The  motor  activity  of  the 
small  intestine  can  therefore  only  be  satisbctorily  studied  some  hours 
later. 

A  second  examination  should  be  made  between  four  and  five  hours 
after  the  bismuth  meal.  The  stomach  is  then  generally  empty.  The 
shadow  of  the  caecum  is  seen  in  the  right  iliac  fossa,  and  iu  some 
individuals  a  small  part  of  the  ascending  colon  is  also  visible ;  the 
appendix  can  only  be  recognised  on  rare  occasions.  This  examination 
shows  that  about  four  hours  are  required  for  the  passage  of  food 
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through  the  Binall  intealine.  A  difTuBe  shadow  ia  generally  present  at 
this  time  in  the  pelvis.  It  conaistB  of  the  terminal  coils  of  the  amali 
intestine,  the  last  few  inches  of  which  can  often  be  recognised  as  they 
join  the  caecum.  With  a  narrow  diaphragm  for  the  X-rays,  short  lengths 
of  intestine  can  generally  be  clearly  defined  and  their  movements  studied. 
A  general  forward  movement  of  the  shadow  as  a  whole,  due  to 
peristalsis  can  be  recognised.  At  the  same  time  segmenUtion  is  seen 
to  occur.  The  shadow  of  a  short  length  of  intestine,  at  first  of  uniform 
thickness,  becomes  constricted  in  its  centre.  The  constriction  increases 
until  the  single  shadow  is  more  or  less  completely  divided  into  two. 
Then  each  half  undergoes  a  similar  division,  the  two  central  segments 
of  the  four  produced  by  the  second  division  joining  together.      The 
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now  central  segment  then  divides  again,  the  segmentation  continuing 
at  the  rate  of  about  seven  divisions  a  minute.  The  process  is  shown 
diagrammatically  in  Fig.  198. 

A  further  examination  should  be  made  on  the  following  day  as  early 
in  the  morning  as  convenient.  If  possible,  the  bowels  should  not  be 
opened  before  this  examination.  The  whole  of  the  large  intestine  is 
generally  visible,  and  its  position  should  be  marked  out  in  the  vertical 
and  in  the  horizontal  position.  In  the  horizontal  position  the  trans- 
verse colon  is  approximately  on  a  level  with  the  umbilicus;  in  the 
vertical  position  it  is  considerably  lower.  Both  the  hepatic  and 
splenic  flexures  are  generally  acute,  especially  in  the  vertical  position, 
and  the  two  limbs  of  the  flexures  may  form  a  single  shadow.  The 
effect  of  straining,  as  it  occurs  in  defaecation,  shonld  be  observed  :  the 
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whole  of  the  colon  is  greatly  depressed,  the  caecum  and  ascending  colon 
together  forming  a  rounded  shadow.  Peristalsis  is  never  seen,  owing 
to  the  extremely  slow  progress  of  the  waves. 

The  individual  should  now  retire  and  open  his  bowels.  On  retaming 
A  tracing  of  the  colon  should  again  be  made.  The  whole  of  the  large 
intestine  will  be  eeen  to  have  taken  part  in  the  act,  even  the  caecum 
being  less  full  than  it  was  before.  In  moat  cases  everything  beyond 
the  splenic  flexure  is  evacuated  in  defaecation  (Fig.  199). 

The  above  description  refers  to  an  average  case.  Very  considerable 
variations  occur  between  different  individuals ;  sometimes,  for  example, 
the  whole  of  the  bisnuith  is  collected  in  the  pelvic  colon  at  the  examina- 
tion on  the  second  morning,  the  rest  of  the  colon  being  invisible. 
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Remarkable  variations  in  the  shape,  size,  and  position  of  the  different 
parte  of  the  alimentary  canal  are  also  observed  in  perfectly  normal 
individuals. 

Care  should  be  taken  to  expose  the  body,  and  especially  the  hands 
and  the  testicles,  to  the  rays  for  as  short  a  time  as  possible.  So  long 
as  no  part  of  the  body  is  subjected  to  the  direct  action  of  the  rays  for 
more  than  ten  minutes  during  the  throe  examinations,  it  is  unnecessary 
to  wear  any  special  protective  covering. 


CHAPTER  LVni. 
SALIVARY   SECRETION. 

Salivary  Secretion.— Demonstration.  The  submaxillary  gland  is 
situated  within  and  a  little  behind  the  posterior  angle  of  the  lower  jaw 
bone. 

The  animal  anaesthetised  with  ether  and  chloroform  is  placed  on  its 
back,  and  its   head    extended.     An  incision  is  then  made  along  the 
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iDternal  border  of  the  jaw  bone.  The  internal  border  of  the  digastric 
muscle  is  thus  exposed.  This  is  pulled  aside  by  a  hook  so  as  to  expose 
the  transverse  fibres  of  the  mylohyoid  muscles. 

The  mylohyoid  is  carefully  severtid  following  the  line  of  the  digastric 
muscle.  The  submiixillary  and  sublingual  ducts  crossed  by  the  lingual 
nerve  are  now  exposed  in  the  depth  of  the  wound.  Wharton's  duct  is 
the  larger  and  external  to  the  sublingual  duct.  Just  where  the  lingual 
nerve  crosses  the  ducts  it  gives  off  a  small  branch — the  chorda 
tympani.  In  the  angle  formed  by  the  origin  of  the  chorda  tympani 
from  the  lingual  nerve  there  lies  the  sublingual  ganglion  (it  Ib  erroneous 
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to  term  this  ganglion  "  submaxillary  ").  A  ligature  is  placed  beneath 
the  lingual  nerve,  central  to  the  origin  of  the  chorda  tympant,  and  the 
lingual  nerve  is  divided  central  to  the  ligature.  Two  ligatures  are 
passed  under  Wharton's  duct,  and  one  is  tied.  The  chorda  tympani  is 
then  tetanised  and  the  duct  filled  with  saliva.  A  V-shaped  slit  is 
then  made  into  the  duct,  and  a  fine  gloss  or  silver  cannula  inserted 
and  tied  in. 

The  sympathetie  fibres  run  into  the  gland  with  the  arteries.  To 
expose  these  the  digastric  muscle  is  divided  close  to  its  insertion  on  the 
jaw  bone,  and  the  posterior  end  of  the  muscle  hooked  back.  A  triangu- 
lar cavity  is  thus  exposed.  The  carotid  artery  with  the  nerves  lie  in 
the  lower  part  of  this,  while  Wharton's  canal  and  the  artery  of  the 
gland  appear  in  the  upper  part.  The  gland  itself  lies  a  little  mor« 
to  the  back. 
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On  exciting  the  cervical  eympabbetic,  or  the  Bymi>athetic  tierva 
filaments  which  accompany  the  artery  of  the  gland,  the  gland  will 
pale  owing  to  vaso-constriction.  A  little  thick  secretion  will  at  the 
same  time  appear  in  the  cannula.  On  exciting  the  chorda  tympani,  an 
abundant  secretion  of  thin  watery  saliva  appears.  At  the  same  time 
the  gland  becomes  red  and  turgid.  The  same  effect  may  be  produced 
reflexly  by  excitation  of  the  central  end  of  the  lingual  nerve. 

The  submaxillary  gland  is  enclosed  in  a  firm  capsule.  It  is  fed  by  a 
branch  of  the  external  maxillary  artery  which  enters  the  hilus  of  the 
gland.     The    gland   also    receives    small  branches  from  the  great  or 
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posterior  auricular  artery.  The  veins  are  usTially  two,  but  are  variable. 
One  enters  the  internal  and  the  other  the  external  maxillary  vein  close 
to  where  these  veins  join  to  form  Lhe  external  jugular  vein.  The  blood 
coming  from  the  salivary  gland  can  be  collected  by  tying  a  cannula 
in  the  cxterniil  jugular  vein  and  ligating  all  branches  excepting  those 
coming  from  the  gland.  The  exchange  of  blood-gases  in  the  gland  can 
thus  be  determined. 

Nicotine,  30-10  mgrraa.  in  dog,  10  mgrms.  in  oat,  injected  intra- 
venously, paralyses  the  preganglionic  fibres  of  the  chorda  tympani  for 
about  15  minutes.  The  ganglion  cells  of  the  submaxilUry  gland  are  in 
or  near  the  hilus  of  the  gland. 

Atropine  sulphate,  10-14  mgrms.  in  dog,  5-15  mgrms.  in  cat,  injected 
into  the  blood  paralyses  the  secretory  fibres  of  the  chorda  tympani, 
while  it  leaves  the  vaao-dilator  fibres  untouched.     Pilocarpine  nitrate, 
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1-2  mgrma.,  produces  prolonged  and  plenteous  aecrelion.  The  aiita- 
gonism  may  be  shown  by  injecting  atropine  into  the  blood  and  tbeji 
injecting  a  little  2  per  cent,  solution  of  pilocarpine  into  the  gland  by 
way  of  thi^  duct  cannula. 

If  the  duct  cannula  is  connected  with  a  mercury  manometer  and  the 
chorda  tympani  stimulated,  the  secretory  pressure  will  be  observed  to 
rise  higher  than  the  pressure  in  the  carotid  artery. 

The  submaxillary  gland  hus  been  placed  in  a  plethysmograph  and  its 
volume  recorded  (Bunch).  Stimulation  of  the  cervical  sympathetic 
causes  very  considerable  diminution  in  volume  and  a  scanty  secretion. 
Excitation  of  the  chorda  tympani  is  followed  by  diminution  in  volume 
in  spite  of  vaao-dilatation.  This  is  due  to  the  copious  secretion. 
After  injection  of  atropine  the  volume  is  increased  by  chorda  excitation. 

When  a  cannula  was  placed  in  the  cervical  lymphatic  just  above  where 
it  enters  the  thoracic  duct  the  effect  of  stimulating  the  salivary  gland  on 
the  outflow  of  lymph  was  observed  (Bainbridge). 

Stimulation  of  the  chorda  or  injection  of  pilocarpine  increases  the 
outflow  of  lymph  2^  times.  If  Wharton's  duct  be  obstructed  the 
lymph  flow  is  not  so  great.  After  injection  of  atropine  no  such 
increase  is  found.  Stimulation  of  the  sympathetic  also  increases  the 
flow  of  lymph. 

When  a  permanent  salivary  fistula  is  made,  and  the  duct  cannula  is 
aiTanged  to  empty  into  a  veasel  attached  to  the  dog's  neck,  it  is  found 
that  the  character  of  the  secretion  varies  with  the  nature  of  sensory 
excitation  (Fawlow).  Stones  placed  in  the  dog's  mouth  are  rejected 
without  flow  of  saliva.  Sand  is  washed  out  by  watery  saliva  which 
contains  almost  no  solid  or  ferment.  Food  provokes  the  secretion  of 
saliva  rich  in  ferment.  The  reflex  and  sub-conscious  nervous  mechanism 
which  controls  the  secretion  of  saliva  thus  carrieB  out  actions  which  are 
similar  to  voluntaiy  or  willed  actions. 
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NERVOUS  SYSTEM. 

CHAPTBB  LIX. 

THB  FUNOnONB  OF  THB  GBIfTRAL  NBRVODS  8T8TE1L 

Ths  ESteta  of  RemoTkl  of  both  OenlnJ  HomiiphoiM. — In  the 
frc^  the  eerebnl  hemiBpheres  contain  only  a  single  layer  of  neire- 
cella  and  have  reached  only  a  very  low  aUge  of  development.  If  the 
cerebral  hemupheres  be  destroyed  by  rapidly  comprewing  the  anterior 
part  of  the  skntl  between  the  blades  of  a  pair  of  Spencer  Wells'  forceps 
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there  trill  be  no  loss  of  blood  and  the  optic  thalami  will  escape  injury. 
The  first  effect  of  the  operation  will  be  a  general  depression  of  the 
Bervons  system,  a  condition  known  as  thoei.  This  will  quickly  pass 
off  and  the  brainless  fn^  will  show  spontaneous  movementa,  will  swim 
if  placed  in  water,  will  turn  over  if  placed  upon  iU  back,  and  will 
behave  generally  as  a  nonoal  frog. 

If,  however,  the  coipara  stri&ta  and  optlo  *»i*i^in<  be  destroyed, 
the  frog  will  show  no  spontaneous  movements,  will  not  feed,  and  will 
■oon  die  unless  the  evaporation  of  water  from  its  skin  be  prevented 
by  placing  it  in  a  shallow  pUte  filled  with  water  and  covered  by  a 
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bell-jar.  The  destruction  of  these  portions  of  tho  cciiti\il  nervous 
system  produces  marked  shock,  but,  after  this  has  psisaed  ofT,  the  frog 
will  still  be  able  to  jump,  swim,  maintain  its  equilibrium,  and  perform 
other  complicated  and  co-ordinated  movemeDts  wheD  it  is  stimulated 
in  the  api)ropriate  manner. 

The  cerebeUom  and  mednlla  oblongata  are  now  destroyed  by  passing 
a  blanket-pin  through  the  foramen  magnum  of  the  skull,  and  by 
lateral  movements  of  the  pin  breaking  up  the  nervous  tissue.  The 
frog  now  lies  in  a  limp,  toneless  condition ;  shock  ts  well  marked, 
and  does  not  pass  off*  quickly.  The  respiratory  movements  of  the 
nsres  and  of  the  floor  of  the  mouth  cease.  The  circulation  of  the  blood 
is  disordered  by  the  destruction  of  the  vasomotor  centre. 

The  "Spinal  AnimaL" — The  frog  now  possesses  only  its  spinal 
cord,  but  it  still  shows  coordinated  movements.  Its  hind  legs  possess 
tone,  and  are  drawn  up  against  the  flanks;  if  one  leg  be  pulled  away 
from  the  body,  or  be  stimulated  by  pinching  a  toe,  it  will  l>e  with- 
drawn from  the  source  of  irritation.  The  movements  are  of  a  reflex 
nature,  a  response  to  a  stimnlua  (Fig.  203). 

When  placed  upon  its  back  such  a  frog  does  not  right  itself,  aud 
when  thrown  into  water  it  generally  sinks  to  the  bottom,  and  may  or 
may  not  swim  for  one  or  two  strokes. 

If  such  a  frog  be  suspended  by  the  lower  jaw,  it  does  not  move 
nnless  stimulated. 

A  small  piece  of  (ilter-paper  soaked  in  strong  acetic  acid  wilL  if 
placed  upon   the   skin  of  one  flank,   act  as  a 
stimalns,  and  the  leg  of  the  corresponding  side 
will  be  raised  to  wipe  off  the  offending  boily.    If 
this  exi>eriment  be  repeated  five  minutes  after 
the  frog  hat  bt-en  dipped  in  a  beaker  of  water 
to  remove  the  acid,  and  the  leg  be  held  down 
by  the  hand,  then  the  leg  of  the  opposite  side 
will  be  raised  in  an  apparent  endeavour  to  wipe 
off  the  irritating  piece  of  paper.     The  frog  : 
again  di))ped  in  the  beaker  of  water  to  rcmov 
the  acid. 

Tiirck'a  experiment  upon  the  lime  of  respouF 
of  the  spinal  animal  to  a  stimulus  can  now  be  ""  "^' 
performed.  A  small  beaker  is  filled  with  dilute  sulpltu 
1000),  and  is  gradually  raised  until  the  toes  of  one  of  the  hind  legs 
dip  into  the  acid ;  this  moment  is  noted,  and  then  the  interval  between 
the  application  of  the  acid  and  the  withdrawal  of  the  toes  is  meaaured 
by  a  watch  or  a  metronome  (Fig.  204).  After  washing  off  the  acid  the 


.id  (1  i 


idbyGoogle 


216  PRACTIOAL  PHYSIOU>GY 

azperiment  ia  repeated  with  Mid  of  tbe  strength  1  in  500.  In  each  cue 
the  time  of  reeponae  ia  much  longer  thwi  the  tme  time  of  a  reflex  sotion. 

Tha  AfitUm  of  Btrjrohidm  and  of  Ohlorofbnn. — The  cerebrum  of  a 
frog  ia  deatrof  ed  by  means  of  Spencer  WeUa'  forcepa,  and  then  under 
tiie  akin  of  the  back  are  injected  10  minima  of  a  aaturated  aolution  of 
strrcbnine  (1  in  6700).  In  two  or  three  minutes  it  will  be  notioed 
that  the  frog  cannot  readily  recover  its  hind  Uga  after  a  jump,  and 
aooD  the  reflex  excitability  of  the  spinal  oord  ia  so  augmented  that  a 
■light  touch  or  puff  of  wind  upon  the  akin  causes  a  general  spasm  of  the 
masclea,  CoDTuldonB  quickly  follow,  sod  the  rigid  body  of  the  frog 
reati  on  the  mouth  and  toes,  a  position  known  aa  en^pmihobmas.  This 
attitude  is  due  to  the  dtfiereot  strength  of  the  various  muscles ;  all  are 
thrown  into  contraction,  but  the  stronger  overcome  the  weaker.  The 
muscles  are  somewhat  relaxed  after  the  spasms,  but  are  again  sent 
into  tetanus  by  the  slightest  touch  applied  to  the  skin. 

The  tonic  contractions  are  followed  by  prolonged  twitches  or  clonus. 

If  during  the  stage  of  convulsions  a  probe  be  pushed  down  the 
vertebral  canal,  and  thus  the  spinal  cord  be  destroyed,  the  convulsions 
cease  at  once,  showing  that  the  strychnine  acta  upon  the  ganglion 
cella  and  their  dendrites  in  the  spinal  cord.    (See  page  320.) 

The  action  of  strychnine  should  be  contrasted  with  that  of  chloro- 
form. Under  the  skin  of  the  back  of  a  frog,  whose  cerebrum  has 
been  destroyed  by  Spencer  Wells'  forceps,  are  injected  R  minims  of 
chloroform.  The  first  effect  is  one  of  stimulation,  but  this  atage  of 
excitement  is  quickly  followed  by  marked  inco-ordination  and  weak- 
ness. In  aboot  ten  minutes  there  is  marked  anaesthesia,  paralysis, 
and  total  absence  of  reflexes.  If  the  frog  be  kept  moist  in  a  shallow 
plate  full  of  water,  and  covered  by  a  bell  jar,  it  may  recover  from 
the  effecta  of  the  chloroform  in  about  eight  or  nine  hours. 


CHAPTER  LX. 

BEAOnON  TUCK. 

THb  time  which  elapses  between  the  application  of  a  given  stimulat 
and  tbe  preairanged  response  of  the  subject  te  that  stimulus  is  known 
u  the  reaction  time.  It  is  obviously  more  complex  than  a  reflex 
action;  tliis  will  be  readily  understood  from  a  consideration  of  the 
following  determination  of  the  reaction  time. 

The  diagram  206  shows  W.  G.  Smith's  reaction  time  apparatus  as 
modified  by  Colls.     The  electn^-magnetic  tuning-fork,  T,  with  100 
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vibrationa  per  second,  is  connected  with  two  Daniell  cells  and  witU  the 
chronograph  C.  By  means  of  either  of  the  two  Du  Bois  keys,  K,  and 
K„  the  chronograph  can 
be  short  circuited.  The 
key  Kj  is  closed  and  Kj 
is  open;  the  tuning  fork 
is  set  vibrating,  but  does 
not  affect  the  chrono- 
graph. The  subject, 
whose  reaction  time  is 
to  be  determined,  is  told 
to  listen  for  the  sound 
of  the  opening  of  the 
key  Kj  and  to  close  the 
key  K.J  directly  he  hears  the  sound.  When  the  key  K,  is  opened  the 
chronograph  vibrates  in  unison  with  the  tuning-fork  and  the  vibrations 
are  recorded  upon  a  revolving  dram;  the  closure  of  the  key  Kj  by 
the  subject  of  the  experiment  brings  the  chronograph  to  rest.  The 
number  of  vibrationa  recorded  upon  the  drum  gives  the  reaction 
time  for  sound  in  iJuths  of  a  second. 

The  total  reaction  time  in  this  experiment  is  composed  of — (I)  the 
time  taken  by  the  sound  to  reach  the  ear ;  (2)  the  time  taken  for  the 
reception  of  the  stimulus  by  the  sensory  endings  of  the  auditory  nerve 
and  the  transmission  of  the  nervous  impulse  to  the  sensory  area ;  (3) 
the  time  for  the  transmission  to  the  higher  centres  so  that  volitional 
impulses  may  be  started  in  the  cerebral  motor  centres ;  (4)  the  time  for 
the  propagation  of  those  motor  impulses  to  the  nerve  cells  of  the  spinal 
cord  ;  (5)  the  time  required  for  the  generation  of  impulses  in  these  colls 
and  their  passage  down  the  motor  nerves  to  the  muscles  of  the  hand  ; 
and  (6)  the  latency  of  the  contraction  of  those  muscles. 

The  reaction  time  for  sound  is  about  0'150  eecond,  for  light  0'199 
tecond,  and  for  touch  about  0'145  second. 


CHAPTER  LXI. 

THE  RATE  OF  DISCHARGE  OF  NERVOUS  IMPULSES  FROM  THE 
CENTRAL  NERVOUB   SYSTEM. 

The  rate  at  which  nervous  impulses  can  be  discharged  by  the  central 
nervous  system  can  be  investigated  in  the  frog  by  exciting  the  nerve 
cells  by  means  of  a  drug  such  as  strychnine  and  recording  the  resulting 
incomplete  tetanus ;  or  in  man  by  the  record  of  the  contraction  of  a 
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muscle  thrown   into  contraction   voluntarily,  or  involuntarilj 
ehivering. 

(a)  The  Incomplete  Tetanus  produced  by  Strychniae.— The  < 
hetoispheres  of  a  frog  are  destroyed  by  com- 
pression with  a  pair  of  small  pliers  or  Spencer 
WelU  forceps,  and  then  the  gastrocnemius 
muscle  is  prepared  with  the  circulation  intact. 
A  piece  of  string  is  placed  under  the  gas 
trocnemius  muscle  and  is  then  tightly  tied 
round  the  upper  portion  of  the  tihio-fibiila 
and  the  remaining  muscles ;  the  leg  is  now 
cut  away  below  the  ligature.  In  this  manner 
haemorrhage  is  prevented,  the  circulation  in 
the  muscle  is  intact,  and  the  muscle  is  free  to 
move  with  each  contraction.  A  strong  pin  is 
placed  through  the  lower  extremity  of  the 
femur  and  ia  pushed  firmly  into  the  cork  of 
the  myograph  ;  a  piece  of  ntoist  flaiuiel  is 
pinned  down  over  the  body  of  the  frog  in 
order  to  prevent  the  contraction  of  the 
muscles  of  the  trunk  and  limbs  from  disturb- 
ing the  lever  connected  with  the  gastro- 
cnemius muscle. 

Strychnine  is  sparingly  soluble  in  water, 
1  in  6700,  but  a  dose  of  10-15  minims 
(0-592  -■  0-888  c.c.)  of  a  saturated  solution  of 
the  drug  in  normal  tap-water  saline  solution 
will  in  a  frog  produce  the  characteristic  con- 
vulsions and  death.  Such  a  dose  ia  injected 
under  the  skin  of  the  frog's  back.  Twitches 
and  convulsions  soon  begin  and  the  contrac- 
tions of  the  gastrocnemius  muscle  are  recorded 
simultaneously  with  the  movements  of  a, 
signal  marking  seconds  (Fig.  ^06).  The 
number  of  contractions  is  about  8  or  10  per 
second.  This  is  a  mcoHure  of  the  raw  of  dis- 
charge of  the  nervous  impulses  from  the 
nerve-cells  of  the  spinal  cord.  The  stage  of 
incomplete  tetanus  is  followed  by  prolonged 
twitches  or  donus.  If  the  spinal  cord  be 
destroyed  by  a  probe  during  the  stage  of 
tetanus  the  contractions  will  cease  at  once, 
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•bowing  diat  the  convulsions  were  dae  to  the  action  of  the  drug  upon 
tlie  nerve-cells  and  dendrites  in  the  spinal  end. 

Becotd  of  a  Volnntarr  Oontiactioii If  a  finger  be  placed  upon  a 

muscle  voluntarily  thrown  into  contraction,  a  series  of  vibrations  can  be 
felt.  These  can  be  recorded  and  their  rate  determined  in  the  following 
way. 

A  receiving  tambour,  with  a  button  or  a  piece  of  cork  fixed  upon  the 
rubber  membrane,  is  connected  with  a  bellows  recorder  (Fig.   208), 


which  is  arranged  to  write  upon  a  revolving  drum.  A  chronograph 
is  set  up  for  marking  the  time  in  seconds.  The  button  of  the  tambour 
is  placed  upon  the  adductor  pollicis,  or  the  masseter  muscle  of  the 
sabjeot.  When  the  muscle  is  voluntarily  contracted  the  lever  shows 
a  number  of  vibrations;  these  are  recorded  (Fig.  207).  The  curve 
obtained  reaemblea  an  incomplete  tetanus  with  6  or  8  vibrations  per 
second. 

CHAPTER  LXri 

THE  FDNCnUKS  OF  THE  ANTERIOR  AND  POSTERIOR  ROOTS  OF 
THE  SPINAL  CORD.    THE  BBLL-MAJBNDIB  LAW. 

Thk  researohea  of  Bell  and  of  Majendie  showed  that  the  anterior 
roots  of  the  spinal  oord  were  motor,  and  the  posterior  were  sensory  i  the 
former  nerves  are  tffereni,  carrying  nervous  impulses  from  the  spinal 
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oord  to  the  periphery,  the  latter  are  afferetU,  canyiDg  impulses  from 
the  periphery  to  the  spinal  cord.  This  Uw  can  be  prored  by  experi- 
ments upon  a  brainless  frog,  but  careful  dissection  and  manipulation 
are  neoeseary. 

The  following  are  the  sereral  stages  in  the  experiment.  A  small 
pair  of  eleotrodea  is  made  by  passing  the  bared  ends  of  two  pieces  of 
fine  inenlatod  wire  through  a  piece  of  cork,  and  the  induction-coil  is 
arranged  for  single  shocks.  The  cerebrum  of  a  large  frog  is  destroyed 
by  oompression  with  a  pair  of  Spencer  Wells  forceps,  and  then  the  frog 
is  placed  belly-downwards  upon  a  cork  board,  and  is  confined  to  this 
position  by  a  piece  of  wet  flannel  fastened  down  tightly  by  pins.  A 
slit  is  made  through  the  flannel  in  the  line  of  the  vertebral  column,  and 
the  skin  is  reflected  as  far  as  the  end  of  the  uroetyle.  The  ilium  is 
carefully  remored  on  one  side,  care  being  taken  to  avoid  cutting  any 
large  blood-vessels,  for  loss  of  blood  would  lower  the  excitability  of  the 
spinal  oord  and  obscure  the  dissection.  For  a  similar  reason  the 
medulla  oblongata,  which  contains  the  vasomotor  centre,  was  left 
intact.  After  the  removal  of  tiie  ilium  the  nerves  of  the  sacral  plexus 
can  be  easily  found  and  followed  up  to  the  spinal  cord.  Starting  from 
the  top  of  the  urostyle  the  laminae  of  the  vertebrae  are  carefuUy 
removed  by  scissors,  the  points  of  which  should  not  be  plunged  dee^dy 
inwards,  otherwise  the  spinal  cord  will  be  injured.  After  the  removal 
of  several  laminae  one  of  the  large  nerves  of  the  sacral  plexus  is 
followed  up  to  its  intervertebral  foramen,  where  a  black  swelling  about 
the  size  of  the  head  of  a  pin  will  be  seen.  This  is  the  posterior  root- 
ganglion.  It  is  freed  from  the  foramen  by  careful  dissection,  and  the 
roots  are  traced  therefrom  to  the  spinal  cord.  Fine  threads  an  placed 
under  the  roots,  which  are  then  divided  in  the  middle  of  their  length 
by  clean  sharp  scissors. 

Stimulation  of  the  peripheral  end  of  the  motor  root  will  cause  a  con- 
traction of  the  muscles  of  the  corresponding  leg;  stimulation  of  the 
central  end  with  a  weak  induction  shock  will  cause  no  movement.  On 
the  other  hand  stimulation  of  the  peripheral  end  of  the  posterior  root 
produces  no  movement,  but  a  similar  stimulus  applied  to  the  central 
end  sets  up  a  eensory  impulse  which  produces  reflex  movements. 

The  roots  of  the  spinal  nerves  are  longest  in  the  lower  segments  of 
the  spinal  oord ;  for  this  reason  the  experiment  is  most  readily  per- 
formed in  this  region.  During  development  the  vertebral  column  grows 
more  quickly  than  the  s|anal  oord,  and  thus  the  lower  posterior  root- 
ganglia  in  the  intervertebral  foramina  are  separated  from  the  spinal 
oord  by  a  longer  length  of  nerve-roots  than  in  the  case  of  those 
supplying  the  upper  limb, 
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CHAPTER  LXIII. 
HOlLER-S  law  of  the  specific  BNEBDV  of  NBRTEa 

The  Iaw  of  the  Spedflc  EiieiKy  of  Nsttm  propounded  by  Johannes 
Huller  Btatos  that  each  sensory  nerve  gives  rise  to  its  own  particul&r 
sensation,  whatever  may  be  the  means  whereby  it  is  excited.  Thus  the 
retana  only  gires  a  sensation  of  sight,  whether  it  be  stimulated  by 
light,  a  blow  or  an  electrical  shock. 

This  law  can  be  demonstrated  by  the  following  experiments. 

Si^t. — (i)  Two  olinioal  electnxles  moistened  with  strong  saline 
solution  are  ocmneoted  by  means  of  a  key  with  a  Daniell  cell;  one 
electrode  is  placed  upon  the  forehead,  the  other  upon  the  nape  of  the 
□eok.  On  make  or  break  of  the  constant  current  the  subject  will  have 
a  sensation  of  a  flash  of  light. 

(ii)  The  retina  can  be  stimulated  mechanically  by  preasure  on  the 
solerotio.     A  sensation  of  light  will  be  experienced. 

Taste. — The  end-organs  of  taste  can  be  stimulated  not  only  by  sapid 
subetances,  but  also  by  meohanical  and  electrical  means,  (i)  Gentle 
tapping  of  the  front  of  the  tongue  gives  a  sensation  of  a  sweet  taste. 

(ii)  When  the  trea  ends  of  two  wires  connected  vrith  a  Daniell  oell 
are  placed  upon  the  tongue  and  the  ourrent  is  opened  or  closed,  a 
sensation  of  taste  is  experienced.  This  experiment  can  be  performed 
with  suitable  unpolarisable  electrodes,  so  that  the  objectioa,  that 
eleotrolyaifi  is  produced  and  the  resultant  ions  are  tAsted,  may  be  con- 
sidered negatived.  Moreover,  weak  foradising  shocks,  which  would 
cause  but  little  electrolytic  action,  also  give  rise  to  sensations  of  taste. 

The  anode  appears  to  produce  an  acid  taste,  tiie  cathode  an  alkaline 
taste. 

Smell. — ^The  olfactory  nerve-endings  give  rise  to  a  eensation  of 
smell  when  they  are  stimulated  with  an  electric  current.  The  experi- 
ment can  be  performed  in  the  following  way.  The  electric  current  is 
sent  through  the  nose  by  one  electrode  connected  with  the  noee  by 
flUing  the  nasal  cavity  with  normal  saline  eoluti(m ;  the  other  electrode 
is  placed  on  the  forehead.  The  odour  is  said  to  resemble  that  of 
phosphorus. 

Ootaseous  Sensations. — Sensations  of  touch,  oold,  wannth,  and 
pain  can  be  evoked  by  gentle  application  of  the  point  of  a  metal  rod  to 
the  skin  of  the  hand.  The  areas  or  spoto  which  on  stimulation  give 
rise  to  the  different  sensations  should    be    mapped  out  with  ink. 
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Mechanical  stimulation  with  a  metal  rod  warmed  to  the  same  tempera- 
ture as  that  of  the  skin  of  the  hand  will  give  rise  to  sensations  of 
touch,  temperature,  or  pain  according  to  the  area  stimulatod.  Mullor'a 
law  is  thus  demonstrated  in  the  case  of  these  sensations. 

There  is  some  doubt  whether  there  are  specific  nerves  for  painful 
sensations ;  it  may  be  that  excessiva  stimulation  of  any  sensory  nerve 
causes  pain. 


CHAPTER   LXIV  (Advanced). 

COTANEODS  8EN8ATION8.     SENSATIONS  DERIVED  FBOM 

MOVEMENTS. 

The  sensations  which  arise  from  stimulation  of  the  sensory  nerves 
of  the  skin  include  four  separate  qualities.  These  cutaneous  sensations 
may  therefore  be  divided  into  (a)  sensations  of  pressure,  (6)  sensations 
of  warmth,  {f,)  sensations  of  cold,  (d)  sensations  of  pain. 

On  the  other  hand,  surfaces  in  the  interior  of  the  body,  such  as  the 
membranes  of  the  alimentary  canal,  etc.,  furnish  only  sensations  of 
pain,  which  are  bound  up  with  sensations  referred  to  the  skin,  referred 
pain.  The  defensive  raechanism  connected  with  pain  has  been  desig- 
nated pTolopathic,  and  is  of  a  lower  developmental  type  than  the 
mechanism  which  furnishes  us  with  the  means  of  making  the  fine  dis- 
criminations of  touch  and  temperature.  This  more  highly  specialised 
mechanism  has  been  designated  epicrilic.  It  has  not  yet  been  found 
possible  to  definitely  connect  these  different  forms  of  sensations  with 
different  varieties  of  sensory  nerve  endings. 

By  simple  experiments  it  is  easy  to  show  that  the  arrangement  of 
the  machinery  which  originates  these  sensations  is  not  regular  and 
continuous,  an  important  feature  being  the  pwtfliform  distribution  of 
the  cutaneous  senses. 

L   Methods  Adapted  to  Ascertaining  the  Distributions 
OF  the  Cutankous  Senses. 

a.  Tlie  sense  of  pTessure — It  is  necessary  to  distinguish  between 
those  lighter  pressures  which  affect  practically  only  the  epidermis  and 
the  heavier  pressures  which  can  excite  the  subcutaneous  tissues.  Only 
the  first  of  these  can  be  strictly  coneidered  to  be  concerned  in  the 
sensation  of  touch. 
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BzFBBUlBMT  I.  Define  aa  area  of  the  akin,  for  example,  on  the 
volar  surface  of  the  forearm,  about  5  cms.  square.  Carefully  work 
over  this  area  with  a  small  oamel's  hair  bnish,^  lightly  touching 
adjacent  small  areas  and  marking  with  coloured  ink  the  places  where 
the  contact  is  felt.  The  subject  of  the  experiment  should  close  his 
eyes,  the  observer  marking  the  spote  according  to  the  replies  of  the 
subject.  Instead  of  a  camel's  hair  brush,  a  fine  hair  fixed  to  the  end  of 
a  match  may  be  used. 

(.  The  sense  of  tempeiatnie.— Bodies  at  a  lower  temperature  than 
the  skin  give  a  sensation  of  cold,  at  a  higher  temperature  a  sensation  of 
warm^L  The  distribution  of  these  two  senses  of  temperature  is  not 
identical. 

ExFERiHBNT  II.  The  moat  convenient  way  of  testing  for  cold  or 
warm  spota  ia  to  take  several  soldering  irons,  the  points  of  which  have 
been  filed  down  to  give  a  surface  of  about  a  square  millimetre.  These 
are  kept  in  water  at  the  desired  temperature  till  required.  Or,  a 
hollow  copper  rod,  through  which  a  circulation  of  water  at  the  desired 
temperature  is  arranged,  may  be  adopted. 

As  in  Experiment  I.  explore  the  defined  area  of  skin  for  responses  to 
the  different  contacts  in  respect  of  heat  or  cold.  The  temperature 
should  not  be  extreme,  about  10*  above  or  below  that  of  the  surface  of 
the  skin  is  sufficient.  At  extreme  tomperaturea  (e.g.  70*  C.)  other 
sensations  come  into  play.  Mark  out  the  distribution  of  heat  and  cold 
spots  in  inks  of  colours  different  from  that  used  in  Experiment  L  It 
may  be  observed  that  the  temperature  spots  are  readily  fatigued. 

e.   The  sense  of  pais. 

Experiment  III.  Some  form  of  algometor  is  required  for  the 
purpose  of  stimulation.  Bristles,  pointed  with  a  razor,  fixed  in  a  light 
wooden  rod,  an  ordinary  mounting  needle,  or  perhaps  best,  a  needle 
fixed  to  the  end  of  a  bristle,  are  altomative  forms  of  algometers.  The 
amount  of  pressure  used  is  of  consequence,  and  to  keep  this  constant 
the  degree  of  bending  of  the  bristle  should  not  wy.  Mark  out  the 
pain  spots  with  distinctive  ink. 

It  will  be  found  in  the  above  experiments  that  there  is  a  lack  of 
identity  in  the  spots,  corresponding  to  the  different  sensations,  but  if 
the  marks  be  allowed  to  remain  for  some  hours  and  again  the  senaationa 
are  tested,  there  will  be  found  no  altoraljon  of  position. 
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II.   Method  Adopted  for  Testino  Tactii-k  Spatial 
Discrimination. 

If  the  afcia  be  touched  BimiiltaneouBly  by  a  pair  of  compassea  the 
points  of  which  are  separated,  the  distanco  that  these  must  be  apart  in 
order  to  appreciate  the  doiiblcnesa  of  the  contact  varies  in  difTerciit 
parts  of  the  skin.  Special  instrmnenUi  poascHsiug  two  points,  the 
distance  between  which  can  bo  adjusted,  are  called  aesthesionietera. 

Experiment  IV.  Using  either  a  pair  of  compasses  (the  poinU 
of  which  are  guarded  with  small  pieces  of  cork)  or  some  form  of 
aesthesiometcr,  note  the  smallest  distance  apart  the  two  points  must  be 
in  order  that  the  two  contacts  may  be  appreciated,  in  the  case  of  the 
tip  of  the  tongue,  tip  of  the  middle  finger,  the  palm  of  the  hand,  the 
forehead,  the  back  of  the  hand,  and  the  back. 


Sensations  Derived  from  the  Contractions  of  Musci-e 
and  from  the  accessory  structuktb  op  movement. 

Nerve  endings  exist  in  muscles,  tendons  and  joints,  and  these  are 
liable  to  be  affected  by  the  contraction  of  muscle,  and  the  tension  of 
the  tissues  adjoining  thereby  nitiated.  It  la  convenient  to  speak  of 
the  resulting  sensations  as  brought  about  by  the  mediation  of  a 
"muscular  seme." 

JIXPEEIMENT  I.  Gun  Cartridges,  lille.1  with  shot,  are  made  up  to 
different  weights.  Test  the  power  of  discriminating  a  difference  in 
two  weights  when  the  absolute  weights  are  small  and  where  com- 
paratively great.  It  will  lie  found  that  when  the  weights  are  low 
the  perceptible  differences  between  two  weights  is  much  smaller  than 
when  the  weights  are  great. 

This  is  in  agreement  with  Weber's  law,  which  lays  down  that  the 
just  recognisable  difference  between  two  weights  is  not  a  constant 
for  any  person,  but  a  constant  fraction  of  the  weight  lifted.  Roughly 
speaking,  an  increase  of  10  per  cent  on  a  weight  is  just  recognisable. 
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CHAPTER  LXV. 

THE  DISSECTION  OF  THE  EYE. 

Thi3  can  be  conveoiently  carried  out  on  the  fresh  eye  of  an  ox  or 
sheep. 

1.  Notice  in  the  front  of  the  eye  the  transparent  circular  area,  the 
cornea,  continuous  with  the  greyish  opaque  border,  the  sclerotic.  Thia 
coat  is  continued  over  the  sides  and  back  of  the  eye,  but  will  be  found 
covered  with  fat  The  external  eye  muscles  may  be  traced  in  the  fat,  and 
their  tendinous  insertion  seen  in  the  front  part  of  the  sclerotic  The 
optic  nerve  will  be  Been  penetrating  posteriorly.  The  greyish  surface  of 
the  sclerotic  in  front  is  covered  by  a  thin  membrane,  the  conjnnctiTa, 
which  is  continued  as  a  lining  for  the  eyelids. 

%  Having  removed  the  fst  from  a  portion  of  the  upper  surface  of  the 
eye  so  as  to  expose  the  sclerotic,  make  a  pair  of  incisions  passing  along 
the  surface  from  before  backwards,  and  starting  a  few  millimetres 
behind  the  comeo-sclerolic  junction,  let  these  incisons  meet  posteriorly. 
Then  carefully  peel  up  the  sclerotic  towards  the  cornea.  Observe  the 
dark  underlining  of  the  sclerotic,  the  lamina  fiuca.  Note  the  choroid 
now  exposed,  and  anteriorly  observe  that  it  is  covered  by  a  number  of 
pale  fibres  passing  forward  to  the  corneo-sclerotic  junction,  forming  the 
cOivy  mtiBcle. 

3.  Remove  carefully  the  piece  of  the  choroid  lying  exposed,  and  note 
a  pale  membrane  lying  beneath,  the  retina. 

4.  Place  the  eye  in  a  glass  basin  of  wftter,  and  make  an  incision  right 
round  the  eye  Ibrongh  all  the  coats,  so  as  to  separate  the  posterior  from 
the  anterior  half.  Examine  the  posterior  half  in  the  water.  Note  the 
thin  retina  floating  away  from  the  choroid,  eccentrically  in  this  the 
optic  disc  where  the  optic  nerve  enters  the  eye,  and  the  blood-vessels 
radiating  from  this  region.  The  TitFdOUB  humour  of  jelly-like  consist- 
ancy  will  remain  attached  to  the  anterior  half  of  the  eye.  Looking 
through  this,  note  the  dyBtaliime  lens,  at  the  side  of  this  the  radial 
folds  of  the  choroid  forming  the  dliuy  processes.     The  thick  portion 
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of  the  rctiiift  can  be  traced  aa  far  as  these  processes,  where  tt  tennioates 
with  a  war;  edge,  the  on  BOTrata. 

6.  Remove  carefully  the  vitreous  humour,  and  note  that  it  adheres 
to  the  critary  processes  by  its  outer  coat,  the  hyaloid  memtanas.  On 
remortng  the  vitreous  from  the  moro  central  portion,  note  that  it 
appears  adherent  to  the  posterior  surface  of  the  lens.  The  posterior 
layer  of  the  lens  capsule  is  continuous  with  the  hyaloid  membrane.  If 
necessary,  cut  away  the  vitreous  humour  so  as  not  to  dislocate  the 
lens. 

6.  Make  a  rrtdial  incision  from  the  edge  of  the  sclerotic  down  to  the 
edge  of  the  lens.  Carefully  separate  thu  iria  and  ciliary  region  from  the 
lens,  and  the  nupensory  ligunent  will  be  seen  passing  from  the  ciliary 
body  mainly  towards  the  front  surface  of  the  lens.  Carefully  separate 
the  lens  from  this,  and  the  suspensory  ligament  continuous  with  the 
capsule  of  the  lens  will  float  up  away  from  the  iris. 

7.  Cut  round  the  upper  half  of  coniea  near  its  junction  with  the 
sclerotic  The  anterior  chamber  will  be  exposed  containing  a  clear 
fluid,  the  aQoeoQS  bnmonr.  Mote  the  thickness  of  the  cornea.  At  the 
back  of  the  anterior  chamber  is  sren  tht:  black  curtain  of  the  IrlB,  with 
its  central  aperture  the  pupil. 

8.  Notice  that  the  fresh  vitreous  humour  and  lens  when  placed  in 
water  are  not  easily  seen ;  they  have  almost  the  same  refractive  index 
aa  water.     After  death  the  lens  slowly  becomes  turbid. 

9.  Hold  up  the  lens  and  look  through  it  towards  a  lighted  match ; 
it  will  give  an  inverted  image. 

10.  Notice  the  segmentation  of  the  lens ;  it  is  peculiar,  and  may  be 
roughly  compared  to  a  segmentation  similar  to  that  of  an  orange  com- 
bined with  the  concentric  lamination  of  an  onion. 
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CHAPTER  LXVI  (Jdrawxd). 
THE  EVE   AS    AN  OPnOAL  INSTRUMENT. 

Pnliminuy  Oonsidentloii  of  the  Hedumum  of  tba  Bt*. — In 
order  to  understand  the  refraction  of  the  rays  proceediDg  from  external 
objecU  aud  forming  imagea  od  the  retina,  it  ia  necessary,  in  the  first 
place,  to  briefly  consider  the  nature  of  such  an  optical  system  as 
constitutes  the  refractive  appai-atus  of  the  eye. 

The  simplest  form  of  an  optical  system  consists  of  two  media  of 
different  refractive  powers  separated  by  a  spheiical  surface  (Fig.  209). 

If  dpe  he  such  a  surface,  separating  a  less  refractive  medium  H  from  a 
more  strongly  refractive  medium  H,  n  is  the  centre  of  curvature,  avd  ia 
called  the  "  nodal  point."  \{  pbe  the  veitex  uf  the  cnrved  surface,  a 
line  through  p  and  n  will  form  the  optic  axis  OA.  Rays  parallel 
to  OA  proceeding  from  S  will  be  conveyed  to  a  jmint  F^  on  the  optic 
axis.  This  point  is  called  the  posterior  principal  focns.  Rays  parallel 
to  OA  proceeding  from  R  will  be  conveyed  to  a  point  Fi,  the  principal 
anterior  focns.  p  is  (Spoken  of  as  the  principal  point.  These  two 
foci,  the  principal  point  and  the  nodal  point,  constitute  the  nf^HiBBl 
points  of  such  a  system. 

In  the  actual  eye  the  airangement  is  not  ro  simple,  as  there  are 
several  refractive  media,  and  three  sejiarate  aurraces— the  anterior 
surface  of  the  cornea,  the  anterior  surface  of  the  lens,  and  the 
posterior  surface  of  the  hns.  The  arrangement  of  these  is,  hnwcver, 
symmetrical,  and  permits  of  the  reduction  to  two  ideal  surfaced  for  the 
three  actually  existing.  This  brings  the  number  of  cardinal  pcints  to 
six,  as  each  of  these  surfaces  will  possess  its  own  nodal  point  and 
principal  poinl,  though  the  anterior  and  posterior  foci  will  be  identical. 

But  for  practical  purposes  a  further  simplification  is  possible.  The 
two  nodal  pointa  are  nut  far  separated,  and  the  two  principal  points  are 
similarly  very  near,  being  distant  only  about  4  mm.  from  each  other. 
We  therefore  take  a  "meau"  nodal  point  and  a  "mean"  principal 
point  and  again  reduce  the  optical  conditions  to  those  of  a  simple 
optical  system,  consisting  of  one  (ideal)  refractive  surface.  In  such 
a  "rednced  eye"  the  cardinal  points  are  aa  follows : — 

Principal  point — 3-3448  mm.  behind  the  anterior  surface  of  the 
cornea,  in  the  aqueous  humour. 
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Nodal  point. —  4764   mm.  in  froiit  of  the  posterior  surface  of 


o  Uliutnta  nfnctlsn 


Posterior  principal  focus. — 22*647  mm.  beliind  anterior  surface  of 

the  cornea. 
Anterior  principal  focus. — 12-6326  mm.  in  front  of  the  anterior 

surface  of  cornea. 
Radius  of  curvature  of  ideal  surface,  61248  mm. 
With  these  data  we  are  now  able  to  understand  the  forroation  of  the 
image  on  the  retina,  and  are  able  to  calculate  the  size  of  the  retinal 
image  of  an  objecL 

A  ray  passing  through  the  nodal  point  K  (Fig.  240)  will  not  undergo 
refraction,  and  therefore  will  indicate  the  position  of  the  image  of  an; 
external  point  upon  the  retina.  It  follows  also  that  the  lixe  of  Ae  admat 
image  may  be  calculated  if  we  know  AB  (the  sice  of  the  external 
image),  dK  its  distance  from  tho  nodal  point.  For 
ab     AB 
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But  iJX'- distance  of  object  from  cornea  +  distance  of  nodal  poiot 
behind  cornea,  wbich  latter  is  equal  to  7'44  mm. 

Kria  equal  to  15-17  mm. 

,  BJee  of  external  objectx  15-17 

distance  of  object  from  comea  +  7  44 

If  tha  image  be  nckr  so  sa  to  provoke  a,  considerable  effort  of  accommodatioD, 
thia  equktioD  will  not  repreunt  the  iiM  of  tha  tornied  image.  In  thi*  case  the 
Anterior  Borface  of  the  lena  will  be  mora  carved  than  io  viewing  mora  distant 
objecta,  and  oooseqnently  the  conatanta  for  the  ' '  simple  reduced  tye "  will  not 
hold  good.  The  "  reduced  eye  "  of  Liating  oorrMpondi,  strictly  speaking,  to  the 
lent  aoooinmodated  for  distant  ubjecta. 

The  Ophthalmometer. — This  is  an  instrument  by  means  of  which  the 
radius  of  curvature  of  the  different  surfaces  of  the  eye  may  be 
measured.  The  degree  of  curvature  of  a  reflecting  surface  will  affect  the 
size  of  the  image  formed  from  some  external  object  If  some  device 
be  applied  for  the  measurement  of  the  im^e  and  the  distance  of  the 
external  object  from  the  reflecting  surface  be  known,  then  the  curvature 
of  the  reflecting  surface  can  be  calculated. 

In  Helmlioltz's  original  form  of  the  opthalmometer  the  measurement 
of  the  image  was  achieved  by  causing  the  rays  reflected  from  the  cornea 
to  undergo  deviation  from  their  direct  course  by  passing  through  glass 
plates  of  a  definite  thickness.  By  introducing  two  glass  plates,  revolving 
in  a  common  vertical  axis,  two  images  could  be  obtained,  and  the 
degree  of  overlapping  of  these  images  could  be  adjusted  by  altering 
the  angle  which  the  two  plates  made  witli  one  another.  The  distance 
between  correspondiug  points  in  the  two  images  could  be  expressed  in 
terms  of  the  angle  representing  the  degree  of  lilt  of  the  plates  and  the 
refractive  iudex  of  the  glass.  The  greater  the  obliquity  of  the  plates 
the  more  considerable  would  be  the  displacement  of  the  images. 

Having  obtained  a  value  for  the  size  of  the  reflected  image  the 
curvature  of  the  comea  could  be  calculated  from  the  equation, 

the  size  of  a  luminous  body  (L)  _  distance  of  body  from  cornea  (rf), 
size  of  it«  reflected  imuge  (/)  ^  radius  of  cornea  (Jr) 

Zdxl 


A.  modification  of  Helmholtz's  ophthalmometer  was  introduced  by 
Javal  &  Schiotz,  in  which  the  double  glass  plate  was  replaced  by  a  calc- 
spar  crystal  and  a  similar  double  image  obtained.  This  was  still 
further  improved  by  Kagenaar,  who  aubsUtuted  compound  prisms  for 
the  crystal,  and  the  instrument  so  cheapened  and  improved  is  generally 
spoken  of  as  an  asUgmomeler.  This  instrument,  wbich  is  essentially  an 
ophthalmometer,  is  represented  in  Fig.  210. 
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It  ooDsisto  of  a  telescope,  which  is  directed  towards  the  subject's  eye, 
the  head  of  the  subject  rests  in  the  frame,  oppoute  the  telescope.  The 
eyepiece  of  the  telescope  is  first  adjusted  by  focasJog  a  thread  whieb 
lies  in  the  plane  of  the  image  formed  by  reflection  fmm  the  cornea. 


— Th«  ^hthftlmc 


This  adjustment  is  carried  out  by  turning  the  telescope  towards  a 
milk  glass  pUte  on  the  left  of  the  subject,  and  moving  the  eyepiece  till 
the  thread  is  delined.  The  telescope  is  then  directed  towards  the 
subject's  eye,  anil  moved  with  its  stand  backwards  or  forwards  towards 
the  observed  eye  till  either  of  the  reflected  images  of  the  illuminated 
areas  on  the  quadrant  is  clearly  defined.  In  the  quadrant  is  a  fixed 
area  opposite  a  white  line  corresponding  to  the  number  20  on  the  scale. 
Let  the  quadrant  be  first  placed  in  a  horizontal  plane,  with  the  fixed 
illuminated  uva  to  the  lefL  According  to  the  varying  position  of  the 
right  illuminated  area  two  pairs  of  imagex  will  now  be  seen  reflected 
from  the  cornea,  and  attention  should  be  directed  to  the  two  middle  of 
these  images,  which  may  or  may  not  overlap  {Fig.  211).  The  right 
moveable  area  should  now  be  adjusted  on  the  quadrant  so  that  the  edge 
of  one  image  just  touches  the  edge  of  the  other,  the  'stepped'  image 
being  to  the  left  and  the  rectangular  nrivt  to  the  right.  A  white  line  on 
the  back  of  the  right  illuminated  area  will  now  point  to  some  number 
on  the  scale ;  when  the  images  are  adjusted  as  above,  this  number  +  the 
20  corresponding  to  the  position  of  the  left  illuminated  area,  will  ezpreM 
numerically  the  degree  of  curvature  of  the  cornea.  According  to  the 
constants  of  the  instrument  if  the  number  337  be  divided  by  the  number 
expressing  the  curvature  of  the  cornea  as  above,  the  quotient  represents 
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tbe  rsdiiu  of  curvature  of  the  cornea  in  the  horizontal  meridian 
ezamined.  Tbe  use  of  tbe  instnunent  for  ineuuriag  astigmaUna  maj 
Ian  be  detuled, 

EzFEROiENT.  Hethod  of  Ueasnrint;  Artigmatliim. — By  the  ubo  of 
the  ophthalmometer  represented  in  Fig.  SIl  the  difference  of  curvature 
of  different  portions  of  the  cornea  can  be  easily  ascertained. 

B    EQ    a 


IhQ.  ftU.  — Thfl  Imigat  In  Uie  aatigTDunkotvr. 

The  apparatus  is  adjusted  as  described  above,  and  the  horizontal 
meridian  is  Srst  ubaetved.  If  the  curvature  in  this  meiidian  is  regular 
the  four  figures  will  be  seen  to  stand  on  a  level  base.  If  thid  is  not  tlio 
case,  tbe  rotating  quadrant  must  bo  moved  till  continuity  of  Itase  line  is 
obtained.  Tbe  rouveable  illuminated  area  is  then  adjusted  till  the  four 
reflected  images  are  as  in  the  figure. 

The  quadrant  is  then  rotated,  and  as  it  approaches  the  verUcal  tbe 
two  central  images  will  probably  overlap.  Note  the  meridian  where  tba 
greatest  amount  of  overlap  is  observed.  This  will  be  the  must  refract- 
ing meridian.  Each  tread  of  the  steps  in  the  illuminated  area  corre- 
aponds  to  one  di^re^  of  curvature.  Tbe  excess  of  cuivature  of  tbe 
most  refracting  meridian  may  thus  be  read  off  at  once. 

CHAPTER  LXVn. 
THE  REFRACTING  MEDIA  OF  THE  EYE. 

EtUme's  Artiflcial  Ejre. — The  nature  of  tbe  refmctton  produced  by 
the  various  media  of  tbe  eye  is  conveniently  illustrated  by  means  of 
this  instrument  (Fig  212).  It  consists  of  an  oblong  box,  one  of  the 
long  vertical  sides  being  generally  made  of  opaque  material,  the  other 
of  glass.  The  front  end  of  the  box  is  bounded  by  a  curved  glass 
surface,  the  hinder  end  is  a  plane  sheet  of  glass.  Various  accessories 
are  supplied  with  the  instrument,  such  as  a  double  convex  lens  which 
can  be  placed  in  tbe  axis  of  the  box  behind  the  cornea,  a  frosted  glass 

'A  leiis  in  whiob  the  focua  for  parallel  rays  is  at  one  metre  U  takeo  aa  ths 
standard  lens,  and  its  degree  of  refractive  power  is  rcprcaented  as  ooe  dioptre. 
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■crceii  which  ta  used  as  a  receiving  eurface  for  the  rorractcU  rajB,  and 
an  opaque  screen  with  a  coiilral  hole. 

The  box  is  lirHt  tilled  with  water,  nnd  in  order  to  make  mye  of  light 
the  clearer,  a  few  drops  of  some  fluoreflcent  solution  (e.g.  coein)  are 
added  to  the  water.  An  es^rnal  luminous  object  is  then  arranged. 
This  may  bo  convenienlly  done  by  placing  a  metal  plate,  in  which  a 
vertical  arrow  has  been  Bi.encilled  out,  in  front  of  a  good  source  of  light, 
such  as  the  naked  arc  light  of  an  electric  projecting  lantern,  with  the 
condensi'r  and  focussing  lens  removed.  This  stencilled  pl.ito  is  placed 
four  or  five  feet  from  the  front  of  the  instrument. 


Fid.  sis.— KHIuh'*  utiaoUl  eje. 


1,  The  Action  of  the  Cornea.— If  the  illuminated  arrow  be  placed 
approximately  in  the  optic  axis  of  the  artificial  eye,  the  rays  of  light 
will  be  seen  passing  through  the  box  and  converging  somewhat  in  their 
progress.  If  the  frosted  glass  screen  be  placed  in  the  box,  however  far 
back  it  be  arranged,  no  imago  of  the  arrow  will  be  obtained.  If,  how- 
ever, a  screen  be  placed  some  distance  behind  the  box  an  image  will  be 
formed.  We  have  here  illustrated  the  fact  that  without  some  specially 
strong  refracting  medium  in  the  eye.  external  objects  would  be  focnssed 
behind  the  position  of  the  retina  and  therefore  not  clearly  visible.  This 
is  the  case  after  the  operation  for  cataract  in  which  the  crystalline  leua 

2.  The  Action  of  the  OryBtalline  Lens.— Let  the  double  convex  leni 
supplied  be  now  placed  in  the  box  at  the  front  end.     This  at  once 
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canses  a  mnch  greater  convergence  of  the  rays,  and  it  will  be  possible 
to  obtain  an  image  of  the  arrow  upon  the  frosted  glass  screen,  when 
this  is  placed  about  three  inches  from  the  hinder  end  of  the  box.  This 
image  may  be  easily  seen  on  looking  obliquely  through  the  glass  end,  or 
may  be  projected  by  a  convex  lens  on  a  lantern  screen  sufficiently  clear 
for  a  number  of  observers  to  see. 

3.  The  Action  of  tike  ItiB.  The  iris  improves  the  definition  of  the 
image  by  cutting  out  the  more  circumferential  rays  which  in  consequence 
of  spherical  aberration  would  not  be  focuased  in  the  same  plane  as  tho 
more  central  If  the  opaque  screen  having  a  central  hole  about  an 
inch  and  a  half  in  diameter  be  placed  in  front  of  the  convex  lens  the 
total  amount  of  light  passing  behind  the  lens  is  decreased,  but  the 
imago  is  now  much  more  sharply  defined. 

4.  The  Position  of  the  Image. — It  will  be  noticed  thatif  the  illuminated 
arrow  poitjt  upwards  the  image  on  the  artificial  retina  will  point  down- 
wards. Images  on  the  retina  are  therefore  always  inverted,  theJower 
half  of  the  rotina  corresponding  to  the  upper  half  of  Ibe  -field  of  vision 
and  conversely.  By  experience  we  always  refer  images  on  the  retina  to 
their  proper  position  in  the  field  of  vision.  This  rectification  corre- 
sponds to  what  is  done  by  the  second  convex  lens  in  [irojecting  the 
retinal  image  upon  the  lantern  screen.  The  effect  of  this  second  lens  is 
to  re-invert  the  image,  so  that  oti  the  lantern  screen  the  image  appears 
in  the  same  position  as  in  the  original  object. 

5.  Accommodation. — It  is  not  possible  with  the  artificial  eje  to 
mimic  the  changes  that  occur  in  the  lens  on  accommodation.  A  clear 
image  of  objects  at  different  distances  can  only  be  obtained  by  shifting 
the  artificial  retina  backwards  or  forwards. 

ACCOMMODATION. 

1,  The  eye  is  able  to  see  objects  at  varying  distances  from  the 
eye.  It  has  the  power  of  adapting  itself  so  as  to  form  a  clear  image 
on  the  retina  of  different  objects.  Unless  the  eye  had  this  power 
images  of  external  objects  at  different  distances  would  not  always  be 
formed  at  a  constant  distance  behind  the  crystalline  lens,  where  the 
retina  is  situated. 

Experiment.  Standing  about  16  feet  from  a  window  and  looking 
towards  it,  hold  np  a  needle  about  two  feet  from  the  eye.  If  the 
needle  be  seen  clearly  the  window  sashes  will  be  blurred,  since  the 
image  of  these  will  be  in  front  of  the  retina.  If  the  window  sashes  be 
looked  at  and  seen  clearly  then  the  needle  will  be  blurred,  since  the 
image  of  this  is  behind  the  retina. 

2.  Range  of  Accommod*tloiL      Determlnatioii  of  Near  and  Far 
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PointB  of  AccomnodatioiL  Line  of  Accommodation. — At  a  certaiu 
distance  close  to  the  eye  the  power  of  accommodation  ie  lost. 

Experiment  I.  Hold  a  needle  about  3  feet  from  the  eye  and  gradu- 
ally bring  it  nearer ;  it  is  for  a  certain  time  possible  to  obtain  a  clear 
image.  At  a  certain  distance,  in  spite  of  effort,  the  image  begins  to 
gut  blurred.  The  least  distance  at  which  one  obtains  a  clear  vision  of 
the  needle  corresponds  to  the  near  jioint  of  accommodation.  This  is 
generally  about  8  inches.  In  short-sighted  persons  a  far  point  of 
accommodation  may  also  be  shown.  If  the  distance  between  the  two 
objects  be  not  too  great,  although  they  iiru  both  in  the  line  of  sight, 
they  may  be  seen  clearly  at  one  and  the  same  time.  That  is  to  say 
that  accommodation  of  a  ci^rUiin  degree  will  enable  the  observer  to  see 
objects  at  varying  distances  from  the  eye.  The  maximum  distance  at 
which  two  objects  in  the  line  of  sight  may  be  separated  will  vary  with 
the  distance  of  the  nearer  of  them  to  the  eye.  As  the  nearer  object 
ri'cedes  from  the  eye  the  Use  of  accommodation  or  the  distance  between 
the  two  obJBcte  increaECs. 

[Advanced  Experiment.  Place  two  pins  in  the  line  of  sight  and 
note  the  distance  apart  at  which  they  are  both  visible  as  single  objeeta 
at  the  same  time.  Make  observationa  with  the  nearer  at  30  cm., 
50  cm.,  2  m.  It  will  be  found  that  the  line  of  accommodation 
lengthens  wiLli  a  greater  distance  from  the  eye.] 

3.  Formation  of  Image  in  Excised  Eye. — The  excised  eye  is  accoui* 
modated  for  objecta  at  a  diKtaLiue. 

Experiment.  Remove  the  sclerotic  and  choroid  from  a  fresh  sheep 
eye,  and  jilacc  it,  cornea  outwards,  at  tlie  end  of  a  cylinder  of  brown 
paper.  Direct  it  towards  the  window,  and  on  looking  down  the  tube 
an  inverted  image  of  the  window  will  be  seen. 

This  experiment  can  be  still  more  easily  performed  on  the  eye  of  a 
freshly -killed  albino  rabbit,  which,  for  convenience  of  handling,  should 
be  fixed  in  a  ring  of  modelling  wax  or  clay.  In  this  case  the  sclerotic 
and  choroid  are  sufficiently  thin  to  obviate  the  necessity  for  their 
removal. 

i.  Action  of  Iiis  in  AccommDd»tloa,aaditeCbajigeBvitlLTariati<ms 
in  Amount  of  Light. — The  iris  aila  off  the  more  peripheral  rays  imping- 
ing on  the  cornea,  otherwise  the  clearness  of  the  image  on  the  retina 
would  be  diminished.  This  is  especially  the  case  when  viewing  near 
objects,  as  here  the  angle  of  incidence  of  the  circumferential  rays  is 
greater. 

Experiment  I.  In  not  too  bright  a  light  direct  the  subject's  attention 
from  a  far  to  a  near  object.  It  would  be  noticed  that  the  pupil  becomes 
smaller. 
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ExPERlMKNT  n.  Make  the  subject  cluse  one  eye  and  shade  the 
open  eye  from  the  direct  lighL  Observe  the  size  of  tha  [lupil  when  the 
eye  ia  shaded.  Then  remove  the  shade;  the  pupil  will  be  seen  to 
diminish  in  size.  From  this  experiment  it  may  be  inferred  that  the 
amount  of  light  entering  the  eye  is  cuntrolle<I  by  the  iris. 

[Advanckd  Expkkiment.  Make  a  pinhole  ncir  the  edge  of  a  card, 
and  hold  the  card  about  15  centimetres  from  the  right  eye,  so  that  it  does 
not  interfere  with  the  field  of  the  light.  Let  a  good  source  of  light  be 
placed  about  60  centimetres  from  the  eye,  and  allow  a  tliin  paper-screen 
to  shield  the  light  from  the  right  eye.  The  left  eye,  when  open,  will  look 
directly  at  the  light,  the  right  eye  at  the  pinhole,  and  the  illuminated 
paper  thruiigh  the  hole.  Close  tin:  left  eye,  and  accommodate  as 
nearly  as  po&sible  for  the  distance  of  the  pinhole.  Note  the  size  of  the 
hole.  Then  alter  the  accommodation  by  attempting  to  look  far  away 
through  the  pinhole.  The  hole  will  immotllalely  liecome  distinctly 
larger,  though  less  definite,  on  account  of  the  blurring  of  the  edges. 
Keep  varying  the  accommoilation,  and  the  edge  of  the  hole  will 
similarly  vary. 

Whilst  acuonimodated  for  far  distance  open  the  left  eya  The 
sudden  entry  of  light  in  the  left  eye  will  ciiuse  reftexly  a  diminution  in 
size  of  both  pupils.  The  pinhole  will  now  become  smaller.  Close  the 
left  eye  again  and  it  enlarges.  The  size  of  the  blurred  image  of  the 
pinhole  depends  upon  the  size  of  the  pupil,  and  hence  variations  in  size 
of  the  pupil  a[i])ear  as  variations  in  siae  of  the  pinhole.] 

-5.  The  changes  in  the  Lens  during  Accommodation.  Pnrldiije  Sanson 
Images.^Uuring  accommodation  for  a  near  object,  the  ciliary  muscle 
contracts,  with  the  consequence  that  the  suspensory  ligament  is 
slackened.  The  lens  by  its  natural  elasticity  becomes  more  curveil 
in  its  anterior  aspect,  and  its  thickness  through  the  optical  axis  is 
increased.  This  change  of  curvature  can  be  measured  by  means  of  the 
ophthalmometer.  The  existence  of  such  a  change  may  be  inferred 
from  the  following  exjieriments  in  which  observations  are  made  upon 
the  images  reflected  from  the  anterior  surface  of  the  cornea,  the 
anterior  surface  of  the  lens,  and  the  posterior  surface  of  the  lens. 

ExPEitisiKNT  I.  (Prkliminaky).  In  a  dark  room  place  on  a  table, 
rather  to  the  right  of  the  observer,  a  convex  lens  mounted  on  a  stand. 
Hold  a  watch  glass  a  few  inches  in  front  of  the  lens,  with  the  convex 
surface  of  the  glass  forward.  Still  more  to  the  right  let  a  lighted 
candle  be  placed.  The  candle  and  the  observer's  eye  should  be 
Bymmetricolly  arranged  on  either  side  of  the  optic  axis  of  the  lens  and 
watch  glass.  Observe  the  images  reflected  from  the  surface  of  (a) 
the  watch  glass;   {(i)  the  anterior  surface  of  lens;   (c)   the  posterior 
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Rirf&ce  of  lens.  The  images  at  («)  and  (i)  are  erect ;  at  (r)  is  inverted  ; 
the  image  at  {b)  appears  to  be  the  most  deeply  situated  of  the 
three. 

EXPERIUKNT  11.  In  a  darkened  room  I.t  tlu'  .i!j.-.(.tvi-  l.rhi,;;  a 
lighted  candle  near  the  eye  of  the  suhjett,  i:i[Iim  Ii>  hh^  sid.'  nf  hja 
optic  axis.  The  obs.rvor  places 
himself  BO  that  his  eye  is  syni- 
mclrical  In  position  to  the  caiiilKi 
on  the  other  side  of  the  oplic  axk 
of  the  subject.  When  properly 
adjusted  there  aliould  be  observed 
reflected  from  the  eye  of  the  sub- 
ject, three  images  the  first  bright 
and  erect,  reflected  from  the  cornea ; 
a  second  near  the  centre  of  the 
pQpil,  but  much  feebler  than  the 
lirat,  and  apparently  the  most 
deeply  sitijal«il  of  all  the  images, 
this  being  reflected  from  the  an- 
terior surface  of  the  lens  ;  a  thir-l 
image  represented  by  a  mere  sjiot 
of  light  iliffers  from  the  other  two 

in    being    inverted.      If    now    the  ■— -- .— 

accommodation  of  the  subject  be  Bhifte<l  fium  a  far  to  a  near  puiiit, 
the  middle  image  will  advance  but  grow  sniiill>:r,  iind  will  approach 
the  corneal  image.     The  other  images  do  not  alter. 

During  varying  accommodutiou  it  is  fuuud  that  tnis  image  is  the 
only  one  to  chsnge,  thus  indicating  tlnit  the  change  is  in  the  anterior 
surface  of  the  lens. 

KxPKRiMKNT  IlI.^The  PhaJcoscope.— This  instrument  ia  specially 
adapted  for  viewing  the  reflected  images  of  Experiment  II.  It  is  repre- 
sented in  Fig,  213.  Fig.  214  represents  diagram  malic.i I  iy  the  arrange- 
ment and  course  of  the  rays  of  light.  It  consists  of  a  dark  box,  roughly 
triangular  in  shape,  with  the  angles  of  the  iriiingle  bevelled  off,  and 
atSaml  0  fitted  with  windows  (Fig.  tiU). 

The  observer's  eye  is  at  0,  the  subject's  al  S.  At  C  two  prisms  are 
arranged  vertically  so  as  to  allow  two  illuminated  squares  to  full  upon 
the  eye  at  S.  The  eye  at  S  can  either  be  focuased  for  the  vertical 
needle  at  If,  or  (since  this  lies  in  an  opening)  fur  distant  objects  beyond 
the  opening.  With  the  alteration  of  the  lens  corresjioiiding  to  the 
change  of  accommodation,  the  images  from  the  anterior  suiface  of 
the  lens  will  vary  as  in  Experiment  II. 
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6.   Scheiner's  Expettnent.— If  the  eye  be  accommodated  for  an 
object  at  any  particular  distance,  the  effect  of  prevenling  the  retioa 


of  llghl  tn  the  phKknacDpe. 


receiving  all  the  rays  from  the  object  (aa  by  a  screen  with  holes 
pricked  in  it  and  held  close  to  the  cornea),  is  simply  to  diminish  the 
brightness  of  the  image,  on  account  of  the  lessening  of  the  amount 
of  light  entering  the  eye.  Any  object  at  a  distance  for  which  the  eye 
is  not  accommodated  will  form  a  blurred  imnge  on  the  retina,  and  if  rays 
from  the  object  by  this  partial  screening  of  the  retina  have  several  paths 
by  which  to  impinge  on  the  retina,  there  will  be  formed  upon  the 
retina  as  many  blurred  images  aa  there  are  openings  in  the  screen. 
When,  however,  the  eye  is  accommodated  for  this  second  object,  these 
blurred  images  facie  into  one  clear  image. 

EXPURIMBKT  I.  To  form  a  screen  take  a  thin  piece  of  csrdboard  and 
prick  two  holes  in  it,  separated  by  less  than  the  diameter  of  the  pupil. 
About  one-aixteeiith  of  an  inch  will  answer.  Place  in  a  strip  of  wood 
about  a  yard  long  two  vertical  needles,  distant  eight  and  twenty-four 
inches  from  the  eye.  Close  one  eye  and  with  the  other,  holding  the 
screen  close  to  cornea,  look  at  one  of  the  needles.  The  other  needle 
will  be  also  seen,  but  represented  by  a  double  blurred  image.  If  the 
more  distant  needle  be  accommodated  for,  a  double  blurred  image  of 
the  nearer  will  be  obtained.  Cover  one  of  the  holes  in  the  screen 
with  another  card.  If  the  right  hole  be  covered  the  left  blurred 
image  will  disappear,  and  conversely.  Let  the  eye  be  now  accommo- 
dated for  the  nearer  image.  A  double  blurred  imi^e  of  tho  more 
distant  needle  will  be  seen.  If  the  right  hole  of  the  screen  bo  now 
covered  the  right  blurred  image  will  disappear,  and  conversely. 

Experiment  II.  A  alight  modification  of  this  experiment  and  the 
material   requisite   is  provided  tu  the   Milton  Bradley  Paeudoptics, 


Section  I.,  exp.  4. 
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EXFEBIMKNT  III  Exfieriment  I.  can  be  most  instructively  performed 
mth  Kiihne'a  Artificial  Eye.  A  special  screen  for  the  experiment 
ia  provided  in  which  one  hole  is  covered  with  red  mica.  Accommo- 
dation for  the  different  distances  is  provided  by  shifting  the  retinal 
screen  backvvards  ur  forwards,  and  the  illuminated  arrow  can  be  used 
as  an  external  object  It  is  found  that  if  the  screen  be  shifted  forward 
BO  aa  to  accommodate  for  objects  beyond  the  arrow,  that  two  blurred 
images  of  the  arrow  obtain.  Covering  either  hole  will  block  either 
image.  But  when  the  eye  is  accommodated  for  a  more  distant  object  it 
will  be  observed  that  covering  the  left  hole  removes  the  left  retinal 
imagn.  If  the  images  be  projected,  as  before,  on  the  lantern  screen, 
th«  opjjoaite  image  will  of  course  be  removed.  The  apparent  contradic- 
tion between  Experiments  I.  and  III.  is  obvionsly  due  to  the  fact  that 
in  I.  the  images  are  refcrnd  to  the  field  of  vision,  in  III.  (withoat  the 
use  of  further  projection  on  the  lantern  screen)  they  are  actually  viewed 
as  formed  on  the  retina. 

ExPKRiMKNT  IV.  The  near  point  of  accommodation  can  be 
conveniently  asctrtained  by  noting  the  least  distance  at  which  a  single 
image  of  a  needle  can  be  seen,  when  using  the  perforated  screen  of 
Seheiner'a  experiment. 

ExpKKiMENT  V.  In  Experiment  II.  note  that  the  thread  on  which  the 
needle  hangs  remains  clear  as  a  single  thread  for  a  certain  distance  on 
either  side  of  the  needle,  but  that  beyond  this  distance  it  gradually  bifur- 
cates into  a  double  threa>.  This  singleness  of  the  thread  corres[)onds 
to  the  length  of  the  line  of  accommodation. 
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CHAPTER  LXVHL 
THE  RETINA. 


1.  The  Blood-veasels  of  the  Retina. — The  blood-Teesels  BQppljnng 
the  retina  are  distributed  to  the  anterior  portion  of  the  retina,  the  main 
vessel  entering  the  eyeball  at  the  spit  where  the  nptic  nerve 
passes  in.  These  blood-vessels  then  lie  between  the  vitreous  and  the 
sensitive  part  of  the  retina,  and  under  certain  circumstances  they 
may  thruw  shsdovs  upon  this  portion  of  the  retina. 

ExPKKiHENT  I.  PnAbtJe'a  Fignieo.  — Make  the  subject  of  the 
experiment  turn  one  eye  inwards,  and  with  a  lens  concentrate  a  good 
light  upon  the  expnatsl  sclerotic,  focussing  the  light  so  as  to  niake  a 
small  but  strongly-illuminated  area.  Let  the  subject  look  towards  a 
dark  wall.  Uivo  the  lens  a  gentle  rocking  or  circular  movement.  The 
field  will  appear  to  the  subject  as  reddish  yellow,  and  dark  figures  will 
be  seen  by  the  subject  appearing  in  the  field,  which  branch  and  have 
the  character  of  the  retinal  blood-vessels,  of  which  they  are  really  the 
shadows.  In  the  direct  line  of  vision  a  small  area  will  be  seen  froe 
from  these  braniihing  shadows.     Tbi->  is  the  yellow  spot. 

ExPERlHBNT  II.  Through  a  pinhole  in  a  card  held  close  to  the  ey«, 
look  at  a  brightly  and  evenly-illuminated  surface,  as  a  whil«  cloud  or  a 
sheet  of  thin  white  paper  held  in  front  of  a  lamp.  Give  the  card  an 
up-and-down  movement,  and  a  number  of  vessels  will  be  seen  ninning 
horizontally  in  general.  Move  the  card  from  side  to  sidf,  and 
vertically-running  vessels  will  be  apparent.  Give  the  card  a  circular 
movement  and  the  g>-neral  distribution  will  be  visible.  Note  that  in 
the  direct  line  of  vision  is  a  small  area  in  which  no  vessels  are  seen, 
the  macula  lutea  or  yell  >w  spot. 

ExpBRiMicNT  III.  Remove  the  objective  fr<m  a  microscope,  arrange 
the  mirror  for  a  good  light,  and  move  the  microscope  in  the  same  way 
as  the  card  was  moved  in  Experiment  II.  The  results  will  be  as  in  that 
experiment. 

In  all  these  experiments  the  movement  of  the  light  or  the  illuminated 
field  is  essential.  The  retina  appreciates  these  shifting  shadows  better 
than  if  they  were  continually  applied  to  any  fixed  point  uf  its  surface. 
Further,  a  moving  object  will  arouse  attention  more  readily  ihan  one  of 
constant  position,  which  tends  to  be  neglected. 

2.  The  Oircnlation  ia  the  Bloodvessels  of  the  Betiiia.^ExpKRi- 
IIKNT. — Look  through  a  thick  piece  of  blue  glass  at  a  white  cloud. 
Many  finely-illuminated  [loints  will  be  seen  traversing  the  field.     These 
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•gain  are  followed  by  alight  shadows.  Fix  the  gaze  and  note  that 
these  points  move  in  constant  directions.  Thejr  probably  represent 
small  local  collapsings  of  fine  capillary  blood-resHels,  caused  by  tem- 
porary clogging  of  the  red  corpuscles.  The  re-filling  of  the  vessel 
brings  about  the  shadow  following  the  bright  point, 

3.  The  Blind  Spot. — A  certain  region  of  the  retina,  to  the  inner  aide 
and  somewhat  below  the  niacnla  lutes,  is  insensitive  to  light,  inaamnch 
as  the  optic  nerve  here  enters  the  eyeball,  and  ^e  layer  of  the  retina 
which  reacts  to  tfae  stimulus  of  light  is  here  absent.  This  inaensitive 
region  is  spoken  of  ns  the  optic  disc  or  blind  spot. 

Experiments  showing  the  nature  of  the  blind  ^>ot  may  be  con- 
veniently carried  out  with  the  material  in  Section  H.  of  the  MUton 
Bradley  Piendoptics  series. 

Experiment  I.  Using  cards  H.%  or  H.3,  close  the  left  eye  and  fix 
the  gaze  of  the  right  eye  on  the  cross.  At  a  distance  of  about  eighteen 
inches  the  tree  in  U.2  or  the  red  disc  iji.H.3  will  disappear. 

EXPEHiMENT  II.  Arrange  the  cards  H.4  nnd  H.5  at  such  a  distance 
that  when  the  left  eye  is  closed  and  the  right  eye  gazes  at  the  cross, 
the  house  in  H.4  or  the  red  spot  in  H.5  falls  on  the  blind  spot.  It  will 
be  found  that  similarly,  with  the  right  eye  closed  and  the  left  eye 
fixating,  the  cro-s,  the  church,  and  the  yellow  disc  will  be  invisible. 
Having  found  the  proper  distance,  o)>en  both  eyes  and  place  the  card 
H.4x  close  to  the  nose  and  in  the  plane  of  the  septum  of  the  nose.  It 
will  be  found  that  when  the  gaze  is  directed  to  the  cross  the  surface  of 
the  cards  wppears  uniformly  wliite. 

ExPKKiMBNT  III.  If  a  dot  and  a  croaa  be  drawn  about  four  inches 
apart,  the  dot  being  about  half-an-inch  above  the  horizontal  level  of 
croas,  and  if  then  the  left  eye  be  closed  and  right  eye  gaze  at  the  dot, 
at  the  distance  of  about  a  foot,  the  cross  will  be  invisible,  as  its  image 
falls  on  the  bliml  s|)oL 

When  any  image  falls  upon  the  blind  spot  it  is  invisible.  By  imagina- 
tion we  fill  in  this  region  of  any  image  falling  upon  the  retina  by 
sensations  similar  to  those  in  the  neighbouring  regions.  This  is  well 
illustrated  in  the  following  experiments. 

ExPKRiUKNT  IV.  Using  the  cards  H.6,  H.7,  H.8,  and  H.9,  and 
aacerlaiuing  the  distance  at  which  they  should  be  placed,  as  in 
Experiment  I.,  notice  lh.it  when  the  coloured  discs  fall  upon  the  blind 
spot,  the  place  of  the  discs  is  taken  by  a  combination  of  the  background 
on  which  the  discs  lie.  In  H.9  in  particular  there  seems  no  break  in 
the  chequered  pattern  forming  the  background  to  the  red  disc 

The  blind  spot  may  be  mapped  out  with  ease  in  the  following 
manner. 
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EzPKBiHKNT  y.  Let  the  head  rest  in  a  fixed  position,  as  b;  placiog 
the  chin  in  a  tin  mug,  and  place  a  sheet  of  wliite  p^ter  vertically  in 
front  of  it  at  a  distance  of  eighteen  inches.  Put  a  dot  in  the  centra  of 
the  paper.  Close  one  eye  and  with  the  other  fixate  the  dot.  Take  a 
thin  strip  of  white  card-board  and  blacken  abont  two  millimeiros  of  the 
end.  Move  the  blackened  end  over  the  region  of  the  field  of  vision 
correaponding  to  the  blind  spot,  and  note  t^e  points  where  the  black 
•Ka  disappeara,  marking  them  od  the  whit«  paper.  A  sufficient 
namber  of  these  points  can  be  taken,  mid  a  curve  drawn  through  them 
will  indicate  the  margin  of  the  field  of  the  blind  spot. 

4.  The  Tellow  Spot. — The  experiments  performed  to  exhibit  the 
ratinal  circulation  have  shown  that  there  is  a  certain  region  in  the 
direct  line  of  vision  where  the  retinal  blood-vessels  ara  not  visible. 
This  region  is  coloured  by  a  pigment  which  absorbs  the  bine  and  green 
of  the  spectrum,  and  therefore  appears  of  a  reddish-yellow  colour  and 
is  called  the  yellow  spot 

ExPERiHKNT.  Take  a  flatrsided  bottle  containing  a  fairly  strong 
solution  of  chrome  alum,  or  use  a  sheet  of  purple  or  violet  gelatine. 
Look  with  one  eye  closed  through  the  coloured  medium  at  a  bright 
white  surface.  A  rose-coloured  oval  spot  will  appear  in  the  centre  of 
the  field.  The  pigment  of  the  yellow  spot  absorbs  the  blue  and  green, 
and  transmits  the  rest,  and  hence  the  predominant  red  tinge  imparted 
to  the  area  corresponding  to  the  macula  lutea. 

6.  Acnteneaa  of  Vision  in  different  B^ona  of  the  Betina. — In  order 
to  ilifferentiato  similar  objects  grouped  closely  together  it  is  necessary 
that  these  should  subtend  an  angle  of  a  certain  mi^nitude  with  respect 
to  the  eye.  To  be  more  precise,  the  angle  subtended  is  at  the  nodal 
point  of  the  schematic  eye,  and  this  angle  again  is  equal  to  that  sub- 
tended at  the  nodal  |)oint  by  the  image  of  the  difTeren  Listed  objects  on 
the  retina.  In  order  that  objects  be  differentiated  it  is  apparently 
necessary  that  their  contiguous  margins  and  the  space  between  should 
form  an  image  on  the  retina,  which  is  of  certain  length.  Holmholtz 
found  that  a  subtended  angle  of  63*70',  equivalent  to  a  retinal  distance 
of  '00163  mm,  was  necessary  for  di  sen  mi  nation.  As  far  as  this 
method  of  investigation  is  concerned  it  appears  to  connect  vianal  acuity 
with  the  distribution  of  the  cones. 

[Advanced  Expprimbnt.  Set  up  in  a  good  light  the  parallel  line 
diagram  used  in  the  experiment  on  chromatic  aberration  (Experiment 
III ).  Or  arrange  a  series  of  five  black  wires,  separated  by  their  own 
diameter,  against  the  sky.  Walk  backward  from  either  of  these 
objects  till  they  can  just  be  no  longer  discriminated.  Calculate  the 
size  of  the  retinal  image. 
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The  visual  acuity  diminishea  rapidly  on  the  retina  as  we  recede  from 
the  fovea.  The  diminution  is  more  marked  in  the  vertical  than  in  the 
horizontal  meridian.] 

[Advakced  Experiment.  Place  on  a  card  two  dots,  each  3  mm.  in 
diameter  and  separated  by  a  distance  of  2  mm.  Let  the  gaze  be  fixed 
on  a  mark  on  a  vertical  white  sheet  of  paper,  and  let  the  card  be  moved 
in  a  horizontal  meridian  gradually  nearer  the  mark  til)  the  two  dote  can 
be  discriminated.  Compare  the  vertical  and  horizontal  meridia  in  this 
teapect.] 

The  acntoiMS  of  Ttdon  at  the  fovea  is  ordinarily  tested  by  noting  the 
distance  at  which  letters,  which  at  a  given  distance  subtend  an  angle  of 
5'  at  the  eye,  can  be  read.  This  method  may  be  applied  either  to 
ascertain  what  error  of  refraction  may  exist  in  the  eye,  or  if  this  be 
absent  or  corrected,  what  the  acuteness  of  vision  in  the  particular  eye  is. 

ExpKiiiMKNT  III.  Using  Snellen's  or  Jaeger's  test  types,  ascertain 
whether  the  letters  can  bs  correctly  named  at  the  normal  distance  in  a 
good  light.  If  this  distance  can  be  exueeilcd  or  if  it  cannot  be  reached 
an  expression  for  the  condiiion  of  the  acuteness  of  vision  may  be 
written  as  follows : 

-I 

where  if  ^distance  of  person  from  the  types  and  Z>=  number  of  smallest 
type  which  a  person  can  read  at  that  distance. 

6.  Hechanical  Stimnlatlon  of  the  Betlna.  —  PhoBidieneB.  —  The 
retina  can  l>e  stimulated  by  pressure  on  the  sclerotic.  An  image  will 
be  produced  which  is  referred  to  the  opposite  portion  of  the  field 
of  vision. 

ExPERiMKNT  I,  Close  One  eye  and  turn  it  as  far  as  posaibla  towards 
the  nose.  Press  with  a  pencil  point  on  the  sclerotic,  through  the  eye- 
lid, at  the  edge  of  the  orbit  on  the  outer  side.  Note  the  circle  of  light 
which  appears  on  the  nas.il  side.  The  retina  is  stimulated  just  beneath 
the  pressure  and  the  image  is  referred  to  the  nasal  side  of  the  field  of 
vision. 

7.  The  appai-ent  Inveraioii  of  ShadowB  thrown  upon  the  Betiita. — If 
a  beam  of  light,  fiklling  upon  the  retina  be  intercepted  by  some  object 
close  to  the  cornea,  an  erect  shadow  of  the  said  object  will  be  thrown 
upon  the  retina.  This,  however,  will  be  projected  into  the  field  of 
vision  as  an  inverted  image 

Experiment.  The  Experiment  No.  6,  Section  I.  in  Milton  Bradley 
Pseudoptics,  illustrates  the  nature  of  retinal  shadows  well. 

8.  The  Perception  of  Golonr  in  the  Feriidieral  Portion  of  the  KetiiUL. 
—The  sensibility  of  the  retina  for  colour  varies  in  different  zones  of  the 
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reiina,  and  for  different  colours.  Blue  and  yellow  cbd  be  reo^ued  at 
a  greater  diatance  from  the  fovea  than  red  and  green.  Still  more 
peripherally  all  colours  appear  as  blacic,  grey,  or  white. 

ExFKBIHKNT  L  Mtlton  Bradley  Pseudoptica,  Section  H,  Experiment 
No.  1,  conveniently  illustrates  the  variation  in  the  sensibility  of  the 
retina  for  colour. 

EXPKRIUSNT  II.  If  a  perimeter  or  campimeter  be  used  the 
boundaries  of  the  field  fur  the  different  colours  can  be  defined.  (See 
nee  of  perimeter.) 

9.  ne  Perception  of  lAgtA  In  different  Begiona  of  the  Retina. — A 
faint  light  ia  often  more  t^asily  seen  when  its  image  does  not  fall  on  the 
fovea,  but  a  few  degrees  away  from  this.  The  recognition  of  a  light  at 
sea  on  a  dark  night  ia  ofUn  facilitated  by  directing  the  gaze  some  ten 
degrees  to  the  right  or  left  of  the  supposed  luminous  object.  Faint 
stars  again  may  be  seen  more  readily  if  not  directly  gazed  at. 

10.  After-imagea. — After-images  may  be  of  two  kinds,  those  which 
reproduce  the  original  bo^ly  in  all  its  brightness,  those  that  are  the 
reverse  in  brightness  to  llie  original  body.  The  first  are  called  pooitive 
after-images,  the  second  arc  negative  after-images.  Positive  after- 
imagos  may  be  either  of  similar  colour  to  the  original  body  or  comple- 
mentary in  colour,  negative  after-images  are  always  complementary. 
They  are  due  to  certain  changes  taking  place  in  the  retina  and  are  best 
observed  in  the  early  morning  after  waking. 

Exi'KitiHKNT  I.  Close  the  eyes  for  two  minutes  to  rest  them  and 
then  for  the  bnt-fest  possible  interval  look  at  some  bright  source  of 
light  as  the  lamp  or  the  window,  closing  the  eyes  again.  A  bright 
positive  after-image  of  the  source  of  light  will  be  seen. 

ExpKKiHENT  II.  Look  St  the  incandescent  filament  through  a  piece 
of  red  glass,  as  in  Experiment  1.  The  positive  after-iniage  will  appear 
red.  Again  look  at  the  filament  but  for  a  prolonged  period  of  about 
half  a  minute.  On  closing  the  eyes  the  after-image  will  appear  bright 
but  greenish  in  colour. 

By  an  alteration  of  light  and  dark  backgrounds  the  after-image  may 
be  changed  from  negative  to  positive. 

ExFBKiHBNT  III.  Look  at  an  incandescent  lamp  for  half  a  minute 
and  so  get  a  well  marked  after-image.  If  the  eyes  be  directed  to  a  white 
mirface  the  after-image  will  be  negative,  if  to  a  dark  surface  it  will 
appear  positive. 

[Advanced  Expbiuubnt.  Note  the  colour  of  the  after-images  in 
Experiment  III.,  and  the  gradual  change  in  colour  which  they  show. 
If  the  after-images  tend  to  fade  blink  the  eyes  several  times  rapidly 
and  they  will  become  more  marked.     Notice  especially  the  effect  of 


idbyGoOgle 


ELKM£NTAI!Y   EXI'EniMENTAL   rHYRIOLOGY 


blinkiog  an  tbc  iicgativo  after  image  seen  on  iho  white  surface, 
will  become  during  the  shutting  of  the  eyes  oonverted  into  a  positive 

oiter-imoge.] 


34S  I 


F[o.  !lS.-DlKt. 


[Advanced  Experiment.  Look  at  an  incandcEcent  himp  with  the 
right  ej'e,  the  left  eye  1>eing  closed.  Aft«r  the  lapse  of  half  a  minute, 
shut  (ho  right  eye  and  look  with  the  left  at  a  dot  on  a  white  sheet 
of  pa[)er,  as  far  aa  poisaiblo  without  blinking.  After  a  time  the  field 
will  gradually  darken  and  a  positive  after-image  will  be  seen.  This 
is  really  the  aft<,'r-imago  seen  with  the  right  eye,  which  is  not  visible 
till  a  certain  amount  of  retinal  insensibility  has  occurred  iu  the  left  eye.] 

[Advanced  Experiment.  After-images  of  motion  may  be  shown 
by  gazing  at  tlio  disc  in  Fig.  215  slowly  rotated  and  then  shifting 
the  gaze  to  some  uuifurmly  mottled  aurfacc.] 


he  1 


CHAPTER  hXIX. 

SENSATIONS  OY  UGHT  AND  COLOUR. 

Many  theories  have  been  advanced   to  explain  the  pher 
nected  with  colour  vision.     The  most  important  of  these  theories  are 
those  connected  with  the  names  of  Young-Helmboltz  and  Hering. 
The  theories  are  all  concerned  in  referring  the  multiplicily  of  colour 
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sensations  to  fiisioD  of  certain  sinipler  BeneaiioDB,  which  are  described 
OS  primary  colnur  sensations.  Id  the  Young-Helm  holts  theory  the 
primary  sensa  ions  are  those  corresponding  to  red,  green,  and  blue- 
violet;  in  the  Hering  theory  they  are  gronped  in  pairs,  which  are  the 
red  and  greon  sensations,  the  yellow  and  blue  sensations,  and  the 
white  and  black  sensations.  It  is  necessary  to  assume  the  existence 
of  certain  photo-chemical  BultstuNces  in  the  retina,  which  can  be  acted 
Upon  by  the  light  of  the  primary  colonrs.  The  light  at  the  ends  of  the 
spectrum  wonld,  in  accordance  with  the  Young  Helmholtz  theory,  act 
upon  either  the  red  visual  sulietance  or  the  violet  visual  substance,  in 
the  intermediate  part  of  the  spectrum  upon  all  three  visual  substances 
to  different  extents.  If  all  aru  affected  more  or  less  equally,  the  com- 
pound sensatiou  of  wliite  is  produced. 

In  the  Efering  theory  there  would  also  be  assumed  to  exist  three 
primary  visual  substances,  but  according  to  the  chemical  changes  in  any 
single  substance,  whether  of  the  constructive  or  destructive  variety,  so 
a  sensation  correspond!  nj;  to  one  of  the  complementary  colours  of  the 
different  pairs  would  be  brought  about. 

A  certain  classification  of  colours  is  necessary.  Thoy  may  be  con- 
veniently described  as  varying  iu  hue,  tint,  or  shade.  The  hue  of 
a  colour  is  its  colonr  tone,  corresponding  to  its  wave  length.  The 
tint  of  a  colour  depends  upon  its  purity,  or  whether  it  is  admixed  with 
white— in  oiher  words,  depends  upon  its  Batnration.  The  Bhade  of  a 
colour  is  an  expression  of  its  brightness  or  intensity,  or,  what  comes  to 
much  the  same  thing,  the  degree  to  which  it  is  admixed  with  black. 

1.  OolourTone. — In  reviewingthechangcsorhucthatare  appreciable 
in  examining  the  spectrum,  it  is  to  be  noticed  that  the  changes  do  not 
occur  at  any  regular  intervals  corresponding  to  wave  lengths.  Changes 
of  colour  tone  are  most  easily  appreciated  in  the  yellow,  green,  and  bluo 
green.  At  the  red  end  and  violet  ends  there  ap^iears  to  be  little  or  no 
change  of  hue. 

The  variations  in  saturation  or  tint  can  be  seen  by  using  the  red  and 
white  discs  of  a  colour  mixed  in  varying  proportions  and  noting  the 
corresponding  sensations  produced. 

2.  Intensity. — Vaiiatinns  in  intensity  cnuso  changes  in  the  quality  of 
colours.  At  their  maximum  brightness  colours  tend  to  give  the  sensa- 
tion of  white,  though  they  never  completely  do  this.  The  yellow  will 
the  most  easily ;  the  blue  and  violet  approach  close  to  it  The  red  is 
most  distant  in  producing  the  sensation  of  white. 

Experiment  I.  Take  a  small  square  of  red  pajier  and  a  similar 
piece  of  blue  paper  which  in  a  light  of  moderate  brightness  apiwar  of 
approximately  equal  intensity.     Carry  these  to  an  almost  dark  room 
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t  of  tho  red  whilst  the  blm 


and  note  the  tliitiii') 
Etill  appear  bright. 
3.  The  FoBion  of  Distinct  Sensations  of  Black  and  WMte.     Flicker. 

— Tliis  fusion  depenila  upon  the  persistence  of  the  positive  aftep-images 
each  aeparate  stimulus  brings  about.  If  separate  stimuli  follow  ench 
other  suFlicieiitly  ragiidly  a  blending  uf  ihii  dilferent  sensations  occurs, 
as  is  well  exemplified  in  the  preseiitatiou  of  t!ie  series  of  rapidly 
succeeding  views  in  the  cinematograph.  The  phenomena  upon  which 
this  depends  can  be  shown  in  a  revolving  disc  divided  into  rings  of 
sectors  of  white  and  black,  increasing  in  number  from  the  centre  to  the 
circumference.     Such  a  disc  is  included  in  the  Petzold  series. 

ExPKRlMliNT  I.  Rotate  a  disc  such  as  (Fig.  216)  slowly,  and  note 
that  at  a  certain  rate  the  peripheral  ring  appears  as  a  uniform  grey,  a 
Hickering  sensation  is  produced  on  the  neighbouring  rings,  bnt  the 
central  rin^s  show  an  alternation  of  white  and  black.  Increase  the  rate 
and  note  that  these  can  also  be  caused  to  blend. 


In  general  it  may  be  stated  that  when  fusion  in  any  way  occurs  the 
resulting  sensation  of  grey  is  the  same  as  if  the  light  reflected  inter- 
mittently were  replaced  by  the  same  quantity  of  light  continuously 
reflected,  in  other  words,  as  if  a  uniform  grey  of  a  certain  shade  tvere 
BubstiluteJ  for  the  series  of  seclora ;  moreover,  if  the  rate  at  which  the 
sectors  are  successively  presented  to  the  retina  be  increased  above  that 
necessary  for  fusion,  the  intensity  of  the  result. 
altered.     (Talbot-Plateau  Law). 
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The  rate  necessary  for  the  flickering  BmiBalion  to  para  into  coiDj^ete 
fusion  dopeiKJs  U|K)ii  iho  intensity  of  the  light. 

[Advancko  Experiment.  Withametronomo,  note  the  rate  of  revolu- 
tion necessary  to  prcHluco  coniplcta  fusion  in  the  outer  ring.  Darken  ihc 
room  and  observe  wheblmr  iho  rate  be  altered.  Il  will  bo  found  that 
with  diminished  light  a  slower  rate  of  revolution  brings  about  fiision. 
The  converse  is  tnie  up  to  a  ccitain  limit 

The  point  at  which  flicker  |>aBst;s  into  fusion  has  been  used  as  a 
means  of  determining  the  condition  of  persistence  of  visual  seiisalions. 
It  is  to  bo  noted  that  the  flicker  may  be  coarse  or  of  a  fine  tremulous 
character.  The  transition  of  this  fine  flicker  iuto  fusion  should  be 
taken  as  the  limiting  sensation. 

The  excitability  of  any  [rartion  of  the  retina  is  influenced  by  the 
stimulation  of  that  portion  of  the  retina  (temporal  induction)  and 
changes  are  simultaneously  induced  in  neighbuuring  regions  of  the 
retina  (spatial  induction).  Tliese  factors  may  be  of  very  considerable 
influence  in  determining  the  point  at  which  flicker  passes  into  fusion. 
A  'physiological'  state  is  brought  about  by  a  cerLiiiu  'phyMcal'  stimulus, 
and  thereby  the  efi't-ct  of  the  stimulus  may  bo  iucreased  or  diminished. 
If  then  a  succession  of  stimuli  of  say  blue  and  black  be  presented  to  the 
retina  at  a  certain  rate  flicker  will  pass  into  fusion.  But  if  the  blue  be 
intensifird  by  being  jilaced  on  a  black  background  this  rate  will 
no  longer  be  sufiicicut.  This  may  be  sIiuhu  in  the  following 
manner.] 


[Advanl'Ed  Experiment.    Take  a  disc  like  that  shown  in  Fig.  217 
with  black  and  blue  semi-circular  rings,  and  yellow  and  black  back- 
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gi'OutidB  On  rotating  thie  disc  it  will  be  obGerved  tbat  the  flicker 
persists  much  longer  in  the  uuler  h]»e  and  Miick  ring  thun  in  the  inner 
blue  and  black  ring. 


Fecliiicr  ahowd  that  certain  colour  effects  may  he  producpt!  by  slow 
rotation  of  discs  which  consist  of  bbck  secturs  of  increasing  size  on  a 
white  ground.  They  may  alao  be  seen  in  a  disc  showing  black  circular 
lines  of  ditferent  ciruiimftrencea  on  a  white  eeinicireular  area,  the  other 
half  of  the  disc  being  black.  Such  a  disc  is  shown  in  Fig.  218. 
It  has  been  sljown  tliat  a  bright  object  on  a  dark  background  appears, 
when  suddenly  exposed,  to  be  surrounded  with  a  red  border  lasting  a 
fraction  of  a  second.  If  the  ilhiminatioD  be  brighter  a  blue  green  effect 
is  vieibte.  These  facts  in  pari  explain  ihe  appearance  of  colours  shown 
when  the  discs  below  are  rotiited.] 

4.  The  Fnsion  of  Colour  Senaations. — Several  methods  have  been 
devised  with  the  object  of  enabling  us  to  fuse  separate  colour  seusations. 
These  de|>end  either  upon  separate  colours  forming  images  on  the 
retina  in  such  rapid  succession  as  to  be  inseparable,  or  else  upon 
se|>arate  colours  forming  images  in  the  same  portion  of  the  retina  so 
that  the  senaations  are  snpi^r  imposed. 

The  lirst  method  is  generally  cnrried  out  by  means  of  the  separate 
colours  being  arranged  as  sectors  in  a  circle,  which  is  rapidly  revolved 
about  its  centre,  the  instrument  adapted  for  the  purpose  being  known 
as  a  colonr-mizer.  Discs  of  <Iitforeiit  colours,  such  as  the  Wundt  strrlea, 
are  obtainable,  and  each  disc  has  a  radial  slit  at  one  point  so  that  these 
can  be  arranged  upon  a  common  centre  and  a.  circle  may  be  made  up  of 
sectors  of  various  discs.  It  is  desirable  to  have  discs  of  two  sizes,  one 
about  ten  inches  across,  the  other  four  or  live  inches.  It  is  to  be 
remembered  that  these  discs  are  not  coloured  with  pure  colours  of 
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spectrum,  and  tlie  resulta  of  their  mixture  yields  various  coloura  which 
are  largely  mixed  with  grey. 

Experiment  I.  Take  two  large  discs  of  red  ami  greea  and  two 
small  of  black  snd  yellow.  Adjust  the  proportion  of  the  red  and  green  so 
that  rapid  revolution  produces  a  yellow.  This  will  be  dark  in  shade 
and  can  be  matched  by  the  inner  discs  of  yellow  aad  black. 

ExPKrtiHENT  II.  Take  large  discs  of  green  and  violet  and  small 
discs  of  blue  and  black.  With  the  lai^  discs  a  blue  can  be  obtained 
and  matched  with  the  smaller  discs. 

EXPKRIUENT  III.  Take  three  large  discs  of  red,  green,  and  violeL 
To  bring  about  a  good  result  the  red  should  correspond  to  the  red  in 
the  spectrum  at  wave-length  6300,  the  green  to  wave-length  6150,  and 
the  blue  to  wave-length  4700.  Arrange  these  so  that  red  constitutes 
about  118°,  green  about  146°,  and  blue  about  96*.  Arrange  also  two 
smaller  discs  of  white  and  black.  As  the  result  of  revolution  the 
larger  discs  will  give  a  grey,  which  can  be  matched  by  about  2t45*  black 
and  75*  degrees  white  of  the  smaller  discs. 

ExFKRiMKNT  IV.  Using  the  three  discs  of  Experiment  ill.,  work 
gradually  through  the  whole  spectrum,  using  different  sized  sectors  of 
each  for  the  different  regions  of  the  spectrum.  The  sizes  of  these 
eectors  will  roughly  correspond  to  the  different  degrees  in  which  the 
three  primary  colour  sensations  according  to  the  Helmholts  theory  are 
evoked. 

The  best  method  of  fusing  the  colours  sensations  is  to  superimpose 
the  various  colours  of  the  spectrum  by  projection  of  the  same  on  a 
white  screen.*  By  means  of  lenses  the  spectrum  ciin  be  recomposed  as 
wliite  light.  By  introducing  shutters  eliminating  certain  portions  of 
the  spectrum  the  result  of  fusion  of  the  remaining  coloura  can  be 
examined. 

6.  Complementary  CoIootb.  —  For  every  colour  in  any  i>art  of  the 
spectrum  there  is  a  colour  in  another  part  of  the  spectrum  which,  when 
mixed  with  it,  will  yield  a  white  or  grey.  Such  colours  are  said  to  be 
complementary. 

ExPEKiHENT  I.  Take  from  the  series  of  colour  discs  one  of  an 
orange  colour.  Ifno  disc  can  be  found  which  in  any  proportion  with 
the  orange  disc  will  give  a  white  or  grey,  take  the  blue  and  green  discs 
and  adjust  all  three  so  that  a  grey  is  obtainable.  (This  should  be 
estimated  by  smaller  discs  of  black  and  white).  A  certain  proportion 
will  exist  between  the  blue  and  thri  green.     If  now  the  whole  circle  be 

'  See  Abnoy,  Colour  Vuioii,  p.  18  il  ttq. 


idbyGoogle 


ELKMKNTAUY  EXPERIMENTAL  PHYSIOLOGY 

divided  up  into  bluu  and  grceu  in  lliis  pi'Oportiou,  rovotutiou  ti'ill  give 
the  hue  of  the  culoiir  complementary  to  the  or&ngs  originally  selected. 

It  will  be  found  by  such  experiments  as  this  that  orange  is  comple- 
mentary to  greenish-blue,  red  to  bluhh-greou,  yellow  to  blue,  yellowish- 
greeu  to  violet,  and  gii;cn  to  purple. 

ExPKrtiMKKT  II.  ]f  a  coloured  object  be  viewed  on  a  white  surface 
it  niuy  provoke  a  ni'gative  after-image  in  colour  complementary  to 
that  of  tbe  original  object. 

In  illustration  of  this  perform  the  experiments  Nos.  III.  and  IV.  of 
Section  E  in  the  Milton  Bradley  Pseudoptics  series. 

6.  Contrast.— Besides  the  effect  which  different  colours  produce 
when  presented  simultaneously,  or  practically  simultaneously,  to  the 
retina,  as  in  colour-mixing,  other  effects  also  will  come  about  when 
different  colours  ore  presented  successively  and  comparatively  slowly  to 
the  same  portion  of  the  retina,  or  again,  when  different  colours  are  pre- 
sented simultaneously  to  adjacent  areas  of  the  retina. 

In  the  firAt  of  these  two  cases  we  have  the  conditions  of  SaccesBiva 
Contrast,  in  the  second  we  have  Simultaneous  Contrast. 

The  second  experiment  iu  the  section  on  Complementary  Colours 
affords  illustration  of  Sticccssive  Coutrikst.  In  genej'al  the  nature  of 
successive  contrast  may  be  shown  as  follows. 

ExPBKlMtNT  I.  Take  a  number  of  small  a(|imrcs  of  various  colours 
each  about  I  cm.  in  size.  Arrange  also  a  series  of  lieMs  of  different 
colours,  as  well  as  one  of  white  ;  these  may  be  squares  of  1  or  2  decimetre 
side.  Taking  a  small  red  square,  place  this  in  the  centre  of  the  large 
white  square  and  in  a  good  light  g;ize  at  it  for  too  or  three  minutes. 
Blow  the  small  object  away  and  continue  the  gaze.  An  after-image  of 
the  object  will  be  obtained  of  a  colour  complementary  to  that  of  the 
original.  Substitute  for  the  large  white  square  squares  of  different 
colour  and  perform  the  experiment  again.  It  will  he  found  that  the 
after-image  varies  in  colour  according  to  the  ground  ou  which  it  is 
viewed.  If  red  be  the  colour  of  the  original  small  square,  the  after- 
image on  white  will  be  green  or  bluish  green.  If  projected  on  violet 
the  after-image  will  be  blue  and  if  on  orange  a  dull  brown. 

ExFKRiMENT  II.  By  projection  successive  contrast  may  be  easily 
demonstrated  as  follows.  Two  lantern  slide  glass  plates  are  taken, 
and  on  one  is  marked  out,  in  centre  of  plate,  two  concentric  circles 
of  about  1-5  and  3  cm.  radius,  enclosed  by  black  lines  of  just 
perceptible  thickness  and  having  a  central  dot  of  about  the  same 
2  or  3  mm.  diameter.  Un  the  second  glass  plate  are  Kxed  i 
coloured  gelatine  of  similar  sine  lo  the  two  circular  rings,  the 
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choson  being  preferably  complementary.  The  two  slJdea  are  pro- 
jected aimultaneouslj'  and  the  rings  aru  gazed  at  (the  central  dot 
being  used  as  fixation  point),  for  half  a  minute.  The  slide  with  the 
coloured  rings  ia  then  suddenly  removed,  the  gaze  remaining  on  the 
dot,  when  the  two  rings  will  bo  seen  in  colours  complemeiitaiy  to 
the  original  colours. 

Simultaneous  contrast  may  be  shown  in  the  following  shadow  and 
mirror  ex  peri  men  Is. 

[Advanced  Expekihent.  Arrange  two  sources  of  light  about  six 
inches  apart,  and  allow  each  of  these  to  throw  a  shadow  of  some  opaque 
object  upon  a  screen  held  aliout  a  yard  from  the  si.urce  of  light. 
{8  candle-power  and  16  cuiidlo-poiver  electric  incandescent  lamps  answer 
very  well  for  the  two  sources  of  light.)  Intorposo  a.  coloured  glass  phte 
in  front  of  the  weaker  light.  The  Ehadow  corresponding  to  this  will  be 
the  same  colour  as  the  plate,  the  other  shadow  will  become  coloured 
complemcntarily.  Observe  the  variation  in  intensity  of  colour 
according  to  the  proximity  of  the  two  shadows.  If  the  object  bo 
moved  away  from  the  screen  the  two  shadows  will  separate  and  the 
colours  will  bo  dull,  if  the  object  approach  the  screen  closely  the 
shadows  will  almost  touch  and  the  colours  will  be  extremely  vivid.] 

[Advanced  E-XPkriment.  Arrange  a  mirror  horizontally,  so  as  to 
reflect  light  from  a  white  surface,  e.g.  a  white  lamp  shade.  Place 
a  coloured  glass  plate  over  the  mirror.  Interpose  an  opaque  object,  a 
pencil  or  the  finger,  in  the  course  of  the  white  light  incident  on  the 
mirror.  Observe  thut  two  reflected  images  of  this  are  seen,  one  from 
the  surface  of  the  coloured  glass  and  of  the  same  colour  ns  the  glass, 
the  otlicr  reflected  from  the  surface  of  the  mirror  and  complementary 
in  colour.  Gently  till  the  coloured  glass  so  as  to  seiiamte  the  images. 
It  will  be  found  that  they  are  most  brilliantly  coloured  when  slightly 
overlapping.] 

KxPEKiMKNT  III.  I'lucc  the  dark  grey  pa|iera  of  Experimente  III. 
and  IV.,  Section  G,  of  the  Milton  Bradley  Psendoptics  on  the  different 
coloured  fields  and  cover  with  tissue  paj>er.  Observe  the  contm^-t 
colour  that  np|>cars  in  the  gny  pjiper. 

ExPERrHKNT  IV,  Arrange  on  the  colour-mixer  the  discs  of  Experi- 
ment v..  Section  G,  of  the  Milton  IJi-adley  Pseudoptics.  Un  rotating 
these,  the  black  and  white  rings  will  assume  a  colour  in  contrast  with 
that  of  the  general  field. 

[Advanckd  E}(pkrihknt.  The  Experiments  I.  and  II.,  of  Section  O, 
Milton  Bradley  Pseudoptics,  illustrate  the  cfl'ectB  of  contrast  in  black 
and  white  alone.] 
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The  ahove  experimentB  on  Complementary  Colour  and  Contrast 
depend  upon  variations  in  excitability  in  the  retinal  area  involved  or  in 
adjacent  retinal  areaa  The  change  in  excitability  that  occnrs  in  any 
retinal  area  when  affected  by  incident  light  is  spoken  of  as  caused  by 
temporal  induction,  and  the  change  that  ia  brought  about  in  adjacent 
areiLs  aa  resulting  from  spatial  induction.  Successive  contrast  dei>ends 
ujion  temporal  induction,  simitltaneoUB  contrast  upon  spatial  induction. 
The  phenomena  connected  with  the  formation  of  after-images  are 
examples  mainly  of  temporal  induction. 

With  regard  to  the  complementary  colour  of  after-images,  this 
is  thought  by  some  to  be  simply  the  result  of  fatigue.  Others  regard 
the  phenomena  as  due  to  initiation  of  processes,  the  converse  of  those 
brought  about  by  the  original  stimulus.  Hering's  theory  of  colour 
vision  involves  an  explanation  of  these  processes  in  accordance  with  the 

In  this  connection  it  will  not  be  out  of  place  to  refer  to  a  plieno 
menon  known  as  Inadiation. 

Experiment  V.  l^et  a  black  square  be  inscribed  in  a  white  square 
of  three  times  the  size,  and  conversely,  let  a  white  square  be 
inscribed  in  a  blaek  square  of  three  times  the  size.  The  side  of  tha 
inner  square  will  be  equal  and  should  be  about  a  centimetre  long  If 
the  two  figures  be  placed  aide  by  side,  the  inner  white  square  will 
appear  larger  than  the  inner  black  square.  The  material  for  this 
experiment  on  a  larger  seale  is  also  provided  in  the  Milton  Bradley 
Pseudopttcs,  Section  C,  Experiment  IV.  The  explanation  of  this  may  be 
due  to  the  dispersive  power  of  the  lens,  as  the  appearance  is  more  con- 
spicuous with  a  large  pupil,  or  it  may  be  due  to  the  chemical  processes 
of  a  ceitftin  kind  (katabolic)  in  the  retina  tending  to  encroach  on 
adjacent  Selds  of  the  retina,  the  opposite  processes  (anabolic)  apparently 
not  having  that  tendency. 

KxpBiiiMENT  VI.  A  line  |iassing  through  the  adjacent  edges  of  two 
roivs  of  black  sqiiiires,  arranged  so  as  to  overlap  appears  oblique.  Kee 
Milton  Bradley  Pseiidoptics,  Section  B,  Experiment  V. 

7.  Colour  Blindness.— The  inability  to  distinguish  different  hues  of 
colours  constitutes  the  condition  of  colour  bUndness.  It  may  vary 
much  as  regirds  the  failure  shown.  A  person  may  be  red  blind  and  then 
only  appreciates  the  colour  of  red  objects  as  far  as  they  show  other  con- 
stituents of  white  light.  Such  a  person,  according  to  the  Helmholtz 
theory  of  colour  vision,  would  be  entirely  lacking  in  the  production  ol 
the  red  siufiation.  Or  a  person  may  lack  the  green  sensation  au<l  bo 
green  blind,  and  very  rarely  violet  blindness  may  exist 
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If  a  red  blind  person  b«  examined  as  to  bis  eennitions  along  the 
range  of  the  spectrom,  he  sees  nothing  at  the  extreme  red  end  of  the 
spectrum  at  all.  A  glimmer  of  what  he  calls  dark  green  is  seen  in  the 
positioD  of  the  red  lithium  line,  and  this  green  gradually  becomes  more 
conspicuous  to  him  throagh  the  yellow  to  the  proper  green.  Passing 
to  the  bine  green  he  says  the  colour  is  grey,  being  similar  to  his  idea  of 
white  admixed  with  a  certaia  amoant  of  black.  Passing  further  to  the 
blue  end  he  recognises  the  blue  and  speaks  of  the  violet  as  dsrk  blue. 
Similarly,  a  green  blind  lerson  will  recognise  a  grey  in  the  middle  of  the 
spectrum,  but  rather  more  in  the  green  than  the  locality  tlius  named  by 
Uie  red  blind. 

Colour  blindness  can  be  conveniently  tested  by  the  use  of  a  series  of 
coloured  wooU  uf  gruut  variuty  of  hue  and  tint,  i^uchaset  of  wools  are 
B|>oken  of  aa  Holmgren's  wools.    Tbe  method,  however,  is  not  a  safe  test. 

ExPKRiMENT,  Spread  out  the  wools  on  white  blotting-paper  in  a 
good  light.  Avoid  mentioning  the  names  of  the  colours  of  any  of  these 
wools,  but  pick  I  lit  a  whitish  greer,  and  request  the  subject  to  collect  all 
those  wools  which  approximate  in  hue  or  tint  to  the  colour  presented. 

If  any  errors  are  made,  proceed  to  test  whether  he  is  red  blind,  green 
blind,  or  violet  blind.  Give  him  a  skein  of  a  magenta  hue.  [f  he  is 
red  blind  he  will  pick  out  blue  and  violet ;  if  green  blind  he  will  con- 
fuse green  and  grey. 

The  matching  of  colours  may  be  also  carried  out  by  rotating  the 
various  cards  of  the  colour-mixer,  and  thus  matches  of  any  colour 
under  examination  can  be  obtained.  The  same  result  can  be  obtained 
by  projecting  various  portions  of  the  spectrum  as  mentioned  in  colour 
mixing 


CHAPTKR  LXX. 

BINOCULAR   VISION. 

Thr  images  formed  on  the  two  retinae  of  an  external  object  amongat 
its  surroundings  will  net  be  identical.  The  lack  of  identity  enables  au 
observer  to  form  a  judgment  as  to  its  position  in  space.  Such  a  judg- 
ment is  more  easily  formed  when  the  object  is  comparatively  near  than 
when  for  off,  as  in  this  latter  case  the  images  are  approximately  similar. 
Though  the  images  for  objects  at  a  certain  distance  are  not  identical,  it 
is  necessary  that  they  should  be  thrown  on  certain  corresponding  parts 
of  the  retina  in  order  that  a  single  sensation  Ehonid  result. 

In  order  that  a  single  image  then  should  result,  it  is  necessary  that 
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various  movement  of  the  eyes  should  occur,  so  that  the  two  iraagna 
should  fall  on  corresponding  points. 

With  reference  to  the  movements  of  the  eyea,  it  ia  cnstomary  to 
regard  them  as  taking  plaee  about  three  axes  :  (a)  the  gagitUd  axis, 
corresponding  nearly  to  the  hne  of  sight;  (6)  the  frontal  axia,  extending 
from  right  to  left  in  each  eye  ;  and  (c)  the  vaiical  axis.  These  axes  are 
regarded  as  intersecting  at  one  point  the  centre  of  roliUion  of  the  eye. 
With  the  head  in  fixed  position  the  extent  of  space  in  which  objects  can 
be  seen  by  allowing  the  maximum  of  eye  movement  is  called  the  Field 
of  Regard.  If  the  head  and  body  are  erect  and  the  eyes  are  directed 
townriia  the  distant  horizon,  the  position  assumed  is  spoken  of  as  the 
Frimar;  Position.  The  point  upon  which  the  eyes  are  fixed  is  called 
the  Principal  Point  of  Regard,  A  position  which  the  eyes  may  take  up 
which  ilors  not  conrorm  to  the  requirements  of  the  Primary  Position  is 
called  a  Secondary  FoHition,  If  an  observer  shift  his  gaze  from  the 
principal  [wint  of  regard  to  some  other  point  in  the  field  of  regard,  he 
may  pass  directly  to  this  new  position,  or  may  pass  over  a  varied 
number  of  different  points  in  the  field  of  regard  before  reaching  this 
final  position.  The  amount  of  rotation  about  the  different  axes  of  the 
eye  finally  involved  in  ailopting  this  new  position  will  be  the  same 
whether  the  eye  pass  to  it  directly  or  by  a  number  of  varied  inter- 
mediate positions.  In  other  words,  only  one  position  is  possible  when 
the  g.ize  is  shifted  to  this  second  point.  This  is  called  Donders' 
law.  An  extension  of  the  nile  is  seen  in  Listing's  law,  which  lays 
down  that  in  moving  from  the  primary  position  there  is  no  rotation 
at  all  upon  the  sagittal  axis,  but  merely  upon  the  horizontal  and 
vertical  axes. 

1.  Binocular  Direction.— In  judging  of  the  position  of  near  objects, 
they  are  referred  not  to  either  eye  separately,  but  to  an  ideal  eye 
situated  midway  between  the  two  actual  eyes,  the  so-called  Cyclopean 
eye  of  Bering.  A  line  drjvvn  through  the  object  to  the  centre  of  such 
an  eye  is  the  Binocular  Line  of  Regard. 

EXPERIMKNT.  Make  a  pinhole  in  a  sheet  of  paper,  and  starting  with 
the  hole  well  to  the  right  of  the  right  eye,  draw  the  paper  across  the 
eye  horizonUUy,  so  that  the  pinhole  will  pass  across  each  eye  succes- 
sively. First  one  and  then  a  second  image  of  the  pinhole  will  be  seen 
as  it  passes  over  each  eye,  but  in  either  ca.te  the  hole  will  be  referred  to 
the  median  plane  or  the  Cyclopean  eye,  and  will  seem  like  a  succession 
of  two  holes  over  this  eye. 

2.  Single  and  Double  Images. — Tf  the  two  eyes  be  directed  towards 
an  object  about  two  feet  off,  and  a  finger  be  held  up  in  the  binocular 
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line  of  regard  about  a  foot  Troin  the  eyes,  a  double  image  of  the  finger 
will  be  Been.  In  this  case  the  images  of  the  finger  will  fall  upon  non- 
coireepoudJDg  parts  of  the  retina,  and  hence  the  images  will  not  combine 
to  form  a  ringle  senaation. 

KxFKRiUBNT  I.  Place  a  rod  vertically  abont  two  feet  from  the  eyes. 
Adjust  the  vision  for  a  clear  image  of  the  rod.  Then  hold  up  a  finger 
in  the  binocular  line  of  rogard  about  twelve  inches  from  the  eyes.  A 
double  image  of  the  fingers  will  be  seen.  Close  the  left  eye,  the  right 
image  will  disappear.  Then  accommodate  ft^  the  finger,  and  a  double 
image  of  the  rod  will  be  seen.  Close  either  eye,  and  the  image  on  the 
tame  side  will  disappear. 

This  experiment  may  also  be  performed  wttb  the  material  in  the 
Milton  Bradley  Pseudoptic,  Section  I,,  Experiment  I. 

I'he  double  images  seen,  the  above  cx[i^riment  may  be  crossed  or 
uncrossed.  If  crossed  they  are  spoken  of  as  heteronymous  images,  if 
uncrossed,  as  homonymous  images. 

In  general,  if  the  optic  axes  of  the  two  eyes  converge  towards  ft 
certain  point,  and  a  circle  be  described  passing  through  this  point  and 
the  two  centres  of  rotation  of  the  eyes,  then  an  object  outside  the  circle 
will  produce  homonymous  images,  and  an  object  inside  the  circle, 
heteronymous  images.  With  a  dcfiniLe  point  of  regard,  then,  it 
will  be  found  that  if  a  circle  be  described  through  this  jioint  as 
above,  objects  lying  on  this  circle  will  be  seen  single.  Such  a 
circle  is  called  a  horopteric  circle,  ami  the  complete  surface  (inter- 
sected as  above  by  a  horizontal  plane,  forming  a  circle)  is  referred  to 
as  a  horopter. 

Double  images  of  single  lines  may  be  shown  in  performing  the 
Ezpeiimcnts  II.  and  III.,  Section  I.,  of  the  Milton  Bradley  Pseu- 
doptics. 

When  double  images  lie,  not  symmetrically  with  regard  to  the 
line  of  regard,  but  both  to  one  side  of  that  line,  that  nearer  the  line  of 
regard  is  the  more  distinct,  and  the  other  is  hardly  discernible. 

[Advanckd  Exprrimrnt.  Fix  the  eyes  on  some  remote  object,  and 
bold  a  pencil  about  six  inches  from  the  right  eye  and  about  two  inches 
to  the  right  of  a  lino  passing  from  that  eye  to  the  remote  object.  The 
image  falling  upon  the  right  retina  will  alone  be  appreciated.  Close 
the  right  eye,  and  the  second  image  will  also  be  observed. 

In  general  the  image  falling  upon  the  nasal  side  of  one  retina  will 
dominate  over  that  foiling  on  the  temporal  aide  of  the  other  retiria.] 

3.  Binocular  Fusion  of  Dissimilar  Imagea. — If  two  partially  dis- 
similar images,  or  at  any  rate  not  absolutely  identical  images,  fall  upon 
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ooTreapondiiig  points  of  the  two  retinae,  the  sensationa  corresponding  to 
a  single  image  result. 

Experiment  I.  Place  on  a  stereoacapic  slide,  or  on  a  sheet  of 
cardboard,  red  and  green  poatage  stamps  at  a  distance  from  each  other 
equal  to  the  interocular  distance,  and  similarly  arranged.  Observe 
these  in  the  stereoscope,  and  the  sensation  of  a  single  image  of  a  black 
or  brown  poatage  stamp  will  resalt, 

ExFERiUENT  II.  Perform  the  experiment  in  the  Milton  Bradley 
Psendoptics,  Section  E,  Experiment  III.  The  fusion  of  the  two  retinal 
images  gives  the  impression  that  one  ia  looking  through  a  round  hole 
in  the  band. 

4.  Binocular  Feroeptiim  of  Beliaf. — The  perception  of  relief  which 
enables  a  judgment  as  to  solidity  to  be  formed  depends  upon  the  fact 
that  the  two  pictures  presented  to  the  retinae  are  not  identical.  The 
amount  of  variation  in  the  pictures  will  depend  upon  the  interocular 
(liatance  and  the  propinquity  of  the  objects.  The  first  being  con- 
stant, it  follows  that  a  judgment  as  to  solidity  is  more  easily  formed 
in  the  case  of  near  objects  than  distant  objects.  Similarly,  a 
judgment  as  to  the  relative  diatancea  of  an  object  from  the  observer 
dependa  upon  the  difference  in  position  of  an  object  with  respect  to 
surrounding  objeota  which  exiata  in  the  two  viewa  presented  to  the 
two  eyes. 

The  difficulty  in  forming  a  judgment  as  to  the  precise  position  in 
apace  of  an  object  when  viewed  with  only  one  eye  may  be  shown  in  the 
following  experiment. 

£xF£RiMENT  I.  Stick  a  knife  into  the  wall,  and  balance  on  the 
handle  a  cork.  The  height  from  the  ground  should  be  about  five  or 
six  feet.  Close  the  left  eye,  and,  starting  at  about  ten  feet  from  the 
wall  with  the  right  hand  extended  forward,  walk  rapidly  to  the  cork, 
and  by  a  sweep  of  the  hand  attempt  to  remove  the  cork.  A  lack  of 
success  will  frequently  attend  the  effort. 

It  ia  aeen  from  thia  experiment  that  it  ia  difEcult  to  locate  any  object 
preciaely  in  space  when  a  single  ocular  view  is  alone  obtained. 

On  the  other  hand,  if  perfectly  flat  pictures  be  taken  differing  from 
each  other  to  the  same  degree  as  actual  pictures  presented  to  the  two 
eyes  would  differ,  and  if  such  flat  pictures  be  combined  by  some  form 
of  atereoBcope,  or  by  crossing  the  eyes,  the  resulting  sensations  will 
correspond  to  a  single  picture  on  which  the  different  objects  are 
differently  projected  into  the  apace  embraced  by  the  picture,  in  which 
the  quality  of  depih  is  added  to  the  flatness  shown  by  each  picture 
separately. 
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Theee  eil"(ji:ts  can  perhaps  beat  be  shown  by  examining  the  Martius- 
Matzdorff '  Beries  of  diagrania  with  a  atereoscope. 

Visn&l  ninsions. — The  study  of  Visual  Illusions  is  somewhat  beyond 
the  Bcope  of  the  present  work,  but  the  atudent  may  advantageously 
perform  various  of  the  experimenta  on  the  MilUin  Bradley  Pseudoptics, 
vhich  illustrate  many  of  these  illusions.  The  Sections  A,  B,  C,  D.  and 
J  are  specially  recommended  in  this  connection. 

I  CHAPTER  LXXI. 

THE  OPTICAL  DEFECTS   OF  THK  EYE. 

1.  Spherical  Aberration. — This  is  probably  of  little  consequence  in 

the  eye,  as  the  action  of  the  iris  eliminates  it  largely. 

2.  Chromatic  AberratioiL— Rays  of  coloured  light  are  refracted 
difiereiitty  according  to  their  position  in  the  spectrum.  Those  of 
ehorter  wave  length,  as  the  violet  and  blue,  come  to  a  shorter  focus 
than  do  those  of  longer  wave  length,  as  the  red. 

ExPERlMKNT  I,  Look  through  the  upper  part  of  a  window  towards 
the  sky.  Pass  a  card  before  the  eye  with  the  edge  parallel  to  the 
upper  side  of  the  window  frame.  If  the  card  be  passed  from  below 
upwards,  when  it  has  covered  about  half  the  pupil  the  frame  will 
be  seen  to  have  a  border  of  blue.  If  the  card  be  passed  from  above 
downwards,  when  tt  covers  half  the  pupil  the  edge  of  the  frame  will  be 
seen  to  have  a  reddish-yellow  fringe.  In  the  first  case  the  less  refracted 
red  constituf-nta  of  the  margin  of  the  white  light  are  cut  off  by  the  card, 
in  the  second  case  the  more  refracted  blue  rays. 

EXPKRISIENT  II.  Look  at  the  incandescent  filament  of  an  electric 
lamp.  Pass  a  card  across  the  pupil  with  the  edge  parallel  to  the 
filament.  When  the  edge  of  the  card  is  almost  covering  the  filament, 
the  filament  is  seen  to  have  a  red  fringe  on  the  side  nearer  the  card, 
and  a  blue  fringe  on  that  more  remote. 

3.  Astigmatism. — It  is  frequently  the  case  that  the  curvature  of  the 
Gomea,  or  lens,  in  the  vertical  meridian  is  greater  than  that  in  the 
boi'izontal  meridian.  Therefore,  accommodation  for  a  horizontal  bar 
at  a  certain  distance  means  under-accommodation  for  a  vertical  bar 
at  the  same  distance.  Persons  who  have  such  a  spoon-shaped  coiiiea, 
are  said  to  auffer  from  regular  aBtigm&tiam. 

The  cornea,  or  lens,  may  have  irregular  curvatures  in  various 
meridia,  resulting  in  irregular  aatigmatisoL 

'Tbe  diagranu  can  be  obtained  from  Wiackehnsnn  and  Siibne,  Berlin; 
Petioldt,  Leipsio;  or  from  Mesam.  Baird  &  Tatlock,  Cross  Street,  Haltnn 
GardeD.  Londoa.  From  the  latter  fimi  can  be  obtained  any  of  the  inatrumentt 
mentioned  above  or  the  Miltiin  Bradley  Fieudoj)lia  Series. 
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EXPERIUEKT  I.  Adopting  the  method  of  aaceitaining  the  near 
point  of  accommodation  in  Scheiner's  experiment  (Experiment  IV., 
page  239),  observe  the  near  points  of  accommodation  for  a  pin  held 
vertically  and  one  held  horizontally.     Note  if  the  distances  are  identical. 

Experiment  II.  Draw  a  rayed  figure  aa  follows  :  first,  draw  two 
liuea  intersecting  in  the  centre  at  right  angles,  and  each  about  5  cm. 
long.  Bisect  each  right  angle  by  two  other  lines  intersecting  at 
the  same  point,  and  each  of  these  smaller  angles  bisect  further  by 
four  other  lines.  Bring  this  rayed  figure  to  the  near  point  of  accom- 
modation. Observe  which  of  the  lines  can  be  distinctly  seen,  and 
which  are  blurred.  It  will  generally  be  found  that  the  horizontal  and 
those  adjacent  will  be  clearly  seen,  when  no  effort  will  bring  about 
definition  of  the  vertical. 

Experiment  III.  Using  Kiihne's  artificial  eye,  place  in  front  of  the 
cornea  the  special  glass  trough  (filkd  with  water)  designed  for  exhibi^ 
ing  the  nature  of  astigmatism.  This  has  a  plane  surface  posteriorly. 
The  anterior  surface,  however,  is  that  of  a  cylinder,  curved  in  horizontal 
meridia  but  not  in  vertical  meridia.  Substitute  for  the  arrow  used  in 
earlier  experiments  as  a  source  of  light  a  stencilled  cross,  each  bar  being 
about  5  cm.  long  and  J  cm.  wide.  Before  introducing  the  astigmatic 
lens,  ascertain  the  position  of  the  retinal  screen  necessary  for  definition 
of  the  luminous  object.  Then  place  the  lens  in  position.  The  image 
will  become  changed.  It  will  be  found  that  the  upper  and  lower  edges 
of  the  horizontal  bar  and  the  ends  of  the  vertical  bar  are  still  distinct, 
but  otherwise  definition  of  the  vertical  bar  ia  absent.  In  order  to 
obtain  definition  of  the  vertical  bar  it  will  be  necessary  to  move  the 
screen  much  clost-r,  when  a  reversed  effect  will  we  seen — viz.,  definition 
of  the  vertical  bar,  its  end,  however,  blurred;  the  end  of  the  horizontal 
bar  clear,  but  its  etiges  altogether  undefined.  At  no  intermediate  posi- 
tion between  the  two  foci  can  a  clear  image  of  the  cross  be  obtained, 
and  it  will  be  necessary  in  order  to  compensate  for  the  presence  of  this 
lens,  convex  in  horizontal  meridia,  to  introduce  a  second  lena,  plane  on 
one  surface,  and  concave  in  horizontal  tnerldJa.  This  indicates  the 
method  of  correction  of  the  defect  in  the  human  eye. 

4.  Errors  of  Befraction.' — In  this  division  of  the  optical  defects  are 
inclndi'd  the  conditions  of  Myopia,  or  short-sight,  Hypermetropia  or 
long-sight,  Fresbfopia  or  the  sight  of  old  people. 

The  nonnal  eye  in  which  the  far  point  of  accommodation  ia  practically 
infinity  and  the  near  point  20  cm.  (8  ins.),  is  spoken  of  as  emmetropic 

Presbyopia. — As  a  result  of  advancing  age  the  power  of  accommoda 

'  Properlj  speaking,  antigma/Uia  should  be  included  in  ihia  aoctioo.  We  huve 
thought  it  best,  however,  to  conaldar  it  in  a.  aepBrale  aoi'tioii. 
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tion  for  near  oltjectB  may  become  diminished.  Parallel  rays  are  Btill 
focuBsed  on  the  recina,  but  the  ciliary  muscle  ie  unable  lo  bring  about 
sufficiently  increaaeii  curvature  of  the  crystalline  lens  to  accomtnodat« 
for  objects  as  near  as  eigbt  inches.  It  may  here  be  mentioned  that  in  the 
Dormal  eye  continuous  exercise  of  the  full  power  of  accommodation 
rapidly  produces  fatigue.  It  is  impossible  without  fatigrie  to  nse  more 
than  a  half  to  two-thirds  of  the  full  accommodation  for  any  protracted 
period.  The  normal-sighted  person  instinctively  avoids  placing  near 
objects,  e.ff.  a  book,  closer  to  the  eye  than  about  sisteeu  inches. 
Similarly  a  presbyopic  person  whose  near  point  is,  say,  ten  inches,  wUl 
hold  a  book  at  about  twenty  inches  distance.  Unless  the  illumination 
be  extremely  good  the  small  size  of  the  retinal  image  causes  some  diffi- 
culty to  occur  in  reading.  This,  however,  may  easily  be  corrected  by 
assisting  the  crystalline  lens  through  using  convex  glasses,  the  degree  of 
convexity  corresponding  to  the  extent  of  failure  of  accommodating 
power.  These  are,  of  course,  only  necessary  when  looking  at  objects 
close  to  the  eye.  It  may  be  mentioned  here  that  the  distance  of  the 
near  point  gradually  increases  from  infancy  to  old  age.  According  to 
Landolt  it  is  about  3  inches  at  10  years  of  age,  4  inches  at  20  years,  5} 
inches  at  30  years,  almost  9  inches  at  40  years,  16  inches  at  50  years, 
40  inches  at  60  years,  at  70  years  about  13  feet,  and  at  76  there  is 
practically  no  near  point,  in  other  words  the  power  of  accommodation 
is  generally  lost. 

Ametropia. — This  is  a  term  applied  to  all  conditions  of  the  eye  in  which 
the  retina  does  not  lie  at  the  focus  for  parallel  rays.  The  retina  may  lie 
in  front  of  this  focus  when  we  have  the  condition  of  kypermelivpia,  or 
behind  when  myopia,  is  the  result,  or  the  focus  may  be  a  linear  one  for 
any  distant  luminous  poiut  when  we  have  the  condition  of  astigmaiiitn. 

Hypermetropia.^ln  this  condition  the  antero'posterioraxisof  the  eye 
is  generally  too  short.  By  some  effort  of  accommodation,  distant 
objects  may  form  a  clear  image  on  the  retina,  but  the  individual 
suffering  from  this  optical  defect  does  not  possess  sufficient  power  of 
accommodation  to  focus  clearly  near  objects.  Though  the  emmetropic 
condition  with  much  facility  of  accommodation  is  acquired  at  about  the 
age  of  eight  years,  before  this  stage  is  reached  the  eye  is  naturally 
hypermetropic,  A  young  child  with  marked  hypcrmetropia  and  deficient 
power  of  accommodation  will  in  viewing  near  object*  {eg.  reading), 
make  every  effort  with  both  eyes  lo  accommodate  for  such  objects.  In- 
cluded in  this  effort  would  be  an  exaggerated  action  of  the  muscles  pro- 
ducing convergence  of  the  optic  axes  of  the  eyes,  leading  to  squint,  but 
such  squint  will  frequently  be  removed  on  correcting  the  optical  defect 
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ExpERiHZNT.  Using  Kiikne's  artificial  eye,  place  the  retinal  ecreen 
in  the  position  necessary  to  obtain  a  dear  image  of  the  external 
Imninous  arrow.  In  this  pontion  of  the  retina  the  condition  of  the  eye 
may  be  regarded  as  emmetropic.  Now  move  the  screen  about  an  inch 
nearer  the  corneal  surface.  The  image  at  once  becomes  blurred.  This 
represents  the  condition  of  the  hypermetropic  eye.  Now  place  in  ^nt 
of  the  cornea  a  very  weak  convex  tens.  The  image  will  become  roach 
clearer,  and  with  little  difficulty  a  lens  of  sufficient  converging  power 
may  be  chosen  which  will  exactly  correct  the  defect. 

Uropia.— ThiB  defect  is  usually  congenital,  the  result  of  the  antero 
posterior  diameter  of  the  eye  being  too  long.  As  a  result  parallel  rays 
are  brought  to  a  focus  in  front  of  the  retina,  and  the  eye  cannot  form  a 
clear  image  of  an  object  beyond  a  certain  distance  (far  point  of 
accommodation).  The  most  common  cause  of  acquired  myopia  in 
children  is  the  reading  of  books  with  insufficient  light  The  child 
brings  the  book  close  to  the  eye  to  get  a  sufficiently  large  image  of  the 
words  and  this  finally  leads  to  a  myopic  state. 

Experiment.  Using  again  Kiihne's  artificial  eye,  which,  as  in  the 
last  experiment,  is  first  adjusted  as  the  emmetropic  eye,  shift  the 
retinal  screen  about  an  inch  away  from  the  cornea.  The  arrow  now 
becomes  blurred  and  the  eye  resembles  the  myopic  eye.  Place  in  front 
of  the  cornea  a  concave  lens.  The  image  will  become  much  dearer  if 
the  degree  of  concavity  corresponds  to  that  of  the  defect.  It  is  neceo- 
sary  in  this  case  to  noe  a  lens  of  dispensive  power  in  order  that  the 
image  may  be  thrown  back  on  to  the  retina. 


CHAPTER  LXXII.  ^Advanced). 

THE  OFTICAL  DEFECTS  OF  THE  WB. 

1.  Uyopia  and  ^pemwtiopia. — THio  condition  of  the  refractive 
media  of  the  eye  when  either  hypermetropia  or  myopia  are  present 
are  conveniently  tested  by  what  is  known  as  the  Bhadow  test  If  one 
take  a  concave  mirror  (such  as  that  of  an  ophthalmoscope  used  for 
the  indirect  method),  and  reflects'  the  light  of  a  lamp  at  the  side  of 
the  subject  into  the  pupil  of  the  eye^  on  looking  through  the  apertare 
in  the  mirror  the  back  of  the  eye  is  seen  to  be  parUally  illuminated 
If  the  subject  be  emmetropic  the  amount  of  illumination  is  small, 
and  on  tilting  the  mirror  a  little  to  the  right  or  left  a  scarcely 
perceptible  movement  of  the  light  area  may  be  seen  in  the  opposite 
direction  of  the  tilt.    The  image  of  the  lamp  formed  by  the  concave 
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mirror  is  the  direct  source  of  illiimiiiation  of  the  subject's  eye, 
Uid  this  image  moves  to  the  right  when  the  mirror  is  tilted  to  the 
rigbt,  and  in  accordance  with  the  inversion  of  the  image  on  the  retin.i 
the  illuminated  area  will  seem  to  pa«e  to  the  left.  The  general  impres 
■ion  that  one  obtains  of  the  result  of  tilting  the  mirror  on  the  emme- 
tropic eye  is  that  the  illumination  suddenly  disappears.  With  the 
hypermetropic  eye  the  illuminated  area  is  more  distinct,  as  a  large  part 
of  it  can  now  be  seen,  and  the  passing  of  this  area  to  the  right  or  left 
inversely  to  the  tilting  of  the  mirror  to  the  left  or  right  is  clearly 
visible.  In  the  case  of  myopia  the  observer  must  be  beyond  the  far 
point  of  the  eye  and  then  will  see  an  inverted  iro^e  of  the  illuminate 
area.  As  the  result  the  apparent  illuminated  area  will  be  an  inversion 
of  the  actual  area.  When  therefore  the  mirror  is  tilted  and  the  image 
of  the  lamp  passes  across  from  right  to  left,  the  apparent  movement  will 
be  from  left  to  right,  so  that  the  movement  of  the  light  on  the  retina 
appears  to  be  the  same  as  the  tilt  of  mirror.  A  small  amount  of 
myopia  cannot  be  made  out  by  this  method, 

Experiment.  If  subjects  possesaing  the  defects  of  myopia  and 
hypermetropia  cannot  be  obtained,  using  the  ophthalmoscopic  mirror  aa 
directed  above,  observe  the  movement  of  the  light  on  the  retinal  screen 
in  Kilhne's  artificial  eye  adapted  for  these  defects.  Compare  the  actual 
movement  of  the  light  on  the  screen  with  the  apparent  movement  when 
observing  in  front  of  the  eye  as  above. 

2.  Imperfections  of  the  Befiracting  Media,  Entoptic  Phenomena. — {a) 
Certain  bright,  cloudy  appearances  may  he  seen,  which  disappear  af^«r 
blinking  the  eyelids.  Wavy  lines  or  speckled  patches  may  appear  tStar 
rubbing  the  eyes.  These  are  all  due  to  the  condition  of  the  corneal 
surface,  and  have  Iwen  more  properly  called  '  pseudentoptic '  phenomena. 
(i)  Dark  specks  or  irregularly  stellate  figures  may  be  seen,  depending 
upon  imperfections  in  the  lens  or  its  capsnle. 

(r)  Muscat  Volitanlei  These  appear  as  moniliform  threads,  ctasters  of 
bright  or  dark  circles,  and  are  referable  to  imperfections  in  the  vitreoua 
ExPKRiuENT.  Place  a  card  which  is  pierced  by  a  pinhole  a  little 
more  than  a  centimetre  from  the  eye  {i.e.  in  the  position  of  the  principal 
anterior  focus  of  the  '  reduced '  eye).  Look  at  an  evenly  but  brightly 
illuminated  surface  beyond,  as  a  sheet  of  thin  white  paper  held  in  front 
of  a  lamp.  The  rays  of  light  fulling  on  the  retina  are  now  approxi- 
mately parallel,  and  any  shadows  that  form  in  consequence  of  imper- 
fections in  the  refracting  media  are  rendered  more  distinct  Notice 
any  of  such  shadows  thai  may  be  received  by  blinking,  due  to  im- 
perfections in  the  cornea  or  any  comparatively  fixed  figure  due  to 
impeifections  in  the  crystalline  lens.     These  may  be  practically  absent. 
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No  difficulty  will  be  experienced  in  recogiuBing  'muBcae  rolitantes.' 
These  will  appeu-  u  imall  particles  or  threads  which  appear  to  move 
away  rapidly  when  the  gaze  is  directed  at  them.  When  the  gase  is 
fixed,  as  by  a  mark  on  the  white  paper,  they  are  still  seen  to  move 
slowly  downwarda.  This  implies  that  actuaUy  their  shadows  are 
moving  slowly  upwards,  and  that  the  objects  themselves  are  similarly 
slowly  ascending  in  the  vitreous. 

If,  whilst  gazing  at  some  distinct  cluster  of  mnscae  volitantes,  the  eye 
move  npwarde,  the  cluster  will  appear  to  move  upwards  too.  This 
actually  means  that  the  shadow  of  the  dnater  is  moving  downwarda 
on  the  retina.  If  the  card  be  moved  downwards  the  same  result, 
as  far  as  the  shadows  are  concerned,  wiU  occur.  From  this  it  may  be 
inferred  that  the  objects  producing  the  shadow  are  behind  the  nodal 
point  {situated  in  the  crystalline  lens),  and  therefore,  if  the  movement 
of  shadow  be  appreciable,  on  the  vitreous. 

Objects  in  front  of  the  nodal  point,  such  aa  impuritiee  on  the  eomea, 
would  appear  to  move  upwards  when  the  gam  is  directed  downwards, 
and  conversely. 


CHAPTER  LXXIIL 

THE  INBTRUMENTS  USED  IN  THE  CLINICAL  INVESTIGATION  OF 
THE  BTE. 

The  MeMmmnent  of  the  TUIA  of  'nidOB.-  If  the  eye  be  fixedly 
directed  to  some  particular  point  it  is  possible  to  see  objects  at  some 
distance  from  this  point  The  area  in  which  objects  can  be  seen  with  the 
eye  thus  fixated  is  spoken  of  aa  tha  Jidd  of  vuion.  With  the  head  fixed 
and  the  eye  allowed  to  move  as  far  as  possible  in  any  direction  a  much 
lai^r  area  can  be  viewed.     This  area  is  spoken  of  aa  tbe  ^fidd  of  reffard. 

Though  fairly  satisfactory  resolts  can  be  obtained  by  nsing  a  com- 
paratively simple  form  of  apparatus  called  a  campimeter,  it  is  costomary 
to  employ  an  instrument  called  a  perimeter  to  obtain  accurate  details  of 
the  extent  of  the  field  of  vision. 

The  perimeter  (see  Fig.  219),  consists  of  a  quadrant  upon  which  a 
white  spot  can  be  moved,  and  this  quadrant  can  be  revolved  about  a  line 
continnons  with  the  optic  axis.  At  Kit  the  chin  rest,  double,  so  as  to 
enable  either  eye  to  be  adjusted  against  0.    The  subject  having  taken 
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tUB  positioD  covers  one  eye  and  fixes  the  eye  that  is  to  be  examioed  on 
the  mark  at  /.  The  quadrant  is  then  placed,  say  in  the  vertical 
meridian,  and  at  the  back  of  the  wheel  which  revolves  with  the 
quadrant  is  inserted  in  the  frame  a.  special  chart  adapted  for  recording 


1         ■ 


perimetric  observations.     Starting  at  tiie  uKtri=rae  liisucite  clis  mark  Ob 
is  gradnatly  moyed  along  the  quadrant  and  at  a  certain  angle  the  white 
spot  will  be  just  visible.     The  angle  indicates  the  limit  of  v 
this  meridian  and  can  be  recorded  on  the  chart.     Similar  observations 
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are  made  in  other  meri'lia.     In  thia  manner  the  Hmita  of  vision  in  the 
different  meridia  of  the  field  of  vision  can  be  recorded. 

It  is  of  course  essential  that  the  subject  keep  his  eye  fixed  on  /  the 
whole  time  the  spot  is  being  moved. 

The  area  bounded  by  a  line  drawn  through  the  limiting  poinU  in  the 
different  meriiiia  is  properly  the  area  of  the  field  of  viaiou.  It  ie,  how- 
ever, often  desirable  to  refer  thie  area  to  the  retiua.  If  the  meridia  he 
inverted,  the  figure  ti'aced  would  then  correspond  to  the  sensitive 
portion  of  the  retina.  It  will  be  found  that  perimeters  are  generally  ao 
constructed  that  the  limiting  marks  in  the  different  meridia  are  inverted 
on  the  chart,  so  that  the  latter  becomes  a  chart  of  the  extent  of  the 
sensitiveness  of  the  retina.     This  is  indicated  in  the  figure  above 

The  OphtiialmoBCope. — Prior  to  the  invention  of  the  Ophthalmo 
scope  it  was  not  possible  to  view  the  intenor  of  the  eye  The  reason 
of  this  is  that  when  the  interior  is  illuminated  an  image  of  the  source 
of  illumination  is  formed  in  the  retina  and  the  reflected  light  passing 
from  the  illuminated  area  out  again  from  the  eye  will  be  subject  to  the 
refracting  mechanism  of  the  eye, 
and  form  a  small  image  in  the 
line  of  incidence  of  the  source 
of  light. 

The  Ophthahnoscope(  Fig.  220) 
is  really  a  contrivance  to  enable 
an  observer  to  direct  hia  vision 
along  the  axis  of  the  pencil  of 
light  illuminating  the  subject's 
eye,  and  thereby  to  enable  him 
to  receive  light  reflected  from 
the  retina  of  the  subject,  in  other 
words,  to  actually  see  the  illumi- 
nated retina.  The  instrument 
consists  essentially  of  a  mirror, 
in  which  is  a  central  aperture. 
The  mirror  ie  arranged  so  as 
to  reflect  light  from  some  source 
through  the  pupil  into  the  in- 
terior of  the  eye.  The  observer, 
looking  through  the  central  aperture, 
posterior  wall  of  the  eye. 

Two  methods  are  usually  adopted  of  using  the  ophthalmoscope,  one 
being  known  as  the  direct,  the  other  as  the  indirect  In  the  first  case 
there  is  obtained  an  erect  view  of  a  small  area  of  the  retina,  magnified 
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able  to  view  the  illuminaied 
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about  thirteen  times;  in  the  eecomJ  case  a  luse  magiiitied  and  inverted 
view  is  obtained  of  a  larger  area  of  the  retiua. 

Tlie  Direct  Uethod. — The  source  of  light  is  placed  at  the  aide  of  the 
head  of  the  subject,  bo  that  no  light  falls  directly  on  the  cornea.  The 
mirror,  which  is  somewhat  strongly  concave,  is  held  a  few  inches  from 
the  subject's  eye,  and  is  so  tilted  that  light  is  directed  into  the  pupiL 
The  observer  uses  his  left  eye  to  examine  the  subject's  left  eye,  and 
similarly  his  right  eye  for  the  subject's  right  eye.  By  bringing  the 
light  very  close  to  the  mirror,  and  this  again  close  to  the  eye,  the 
subject  will  not  be  able  to  accommodate  for  the  image  of  the  source 
of  light,  and  consequently  a  dispersion  circle  of  light  will  fall 
upon  the  retina.  If  the  observer  look  through  the  aperture  and 
the  subject's  eye  be  emmetropic  he  will  obtain  a  clear  view  of  the 
details  of  the  retina.  The  reflected  light  from  the  subject's  retina 
will  issue  as  parallel  rays  and  thus  be  in  an  appropriate  state  to 
impinge  on  the  observer's  cornea  without  requiring  him  to  make 
any  efTort  of  accommodation. 

The  Indirect  Method. — In  this  case  a  somewhat  larger,  but  less  cod 
cave  or  a  plane  mirror  is  used.  The  mirror  is  held  at  a  distance  of 
about  eighteen  inches,  and  if  the  accommodating  power  of  the  subject  is 
intact  his  eye  will  accommodate  for  the  source  of  light  or  its  image 
formed  by  the  mirror.  Ad  inverted  image  of  the  illuminated  area  of 
the  retina  will  be  formed  at  a  certain  distance  behind  the  mirror.  If 
the  rays  issuing  from  the  eye  be  intercepted  by  a  rather  strong  convex 
lens  held  close  to  the  cornea  a  new  image  will  be  formed,  smaller  and 
more  brilliant  but  still  inverted.  The  observer  then  looks  through  the 
aperture  of  the  mirror,  and  holding  a  lens  as  above  against  the  cornea 
obtains  a  clear  view  of  a  considerable  portion  of  the  illuminated  retina. 

Ophthalmoscopes  are  generally  supplied  with  a  revolving  disc  of  lens 
of  different  strengths,  which  are  used  to  correct  any  error  of  refraction 
in  the  subject's  or  observer's  eyes. 

It  is  frequently  a  matter  of  difficulty  to  obtain  a  clear  view  of  the 
back  of  the  eye  or  fundus  in  the  subject  unless  some  drug  previously 
has  been  applied  which  causes  dilation  of  the  pupil.  For  practice  in  the 
use  of  the  ophthalmoscope,  an  albino  rabbit,  the  eye  of  which  has  been 
treated  with  atropin,  can  be  advantageously  substituted  for  the  human 
subject ;  or  artificial  eyes,  such  as  Frost's  or  Perrin's  artificial  eyes,  may 
be  used.  In  absence  of  these,  the  ocular  of  a  microscope  furnishes  the 
material  for  the  construction  of  an  artificial  eye.  If  the  lower  lens 
of  this  be  removed  and  a  disc  painted  to  represent  the  fundus  be 
inserted  and  blocked  behind,  an  artificial  eye  is  obtained  which  can 
bo  used  with  advantage. 


J 
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HEARING. 

CHAPTEE  LXXIV. 

DiaSBOnON  OF  THE  EAR  IN  THE  BEATE. 
AUDIT0R7  SENSATIONS. 

Ear  of  Skate.' — 1.  Pan  away  the  cartilage  between  tlie  eyes  of  a 
ekato.  When  the  brain  ie  reached  continue  the  paring  lat«raUy,  and  in 
the  cartilage  at  the  side  of  the  hinder  port  of  the  biain  there  will 
eventually  be  exposed  one  of  the  semidrcuUr  canals.  When  this  is 
reached  remove  the  upper  wall  u  far  aa  possible.  In  the  hollow  fonned 
by  the  cartilage  will  be  seen  the  fine  membraDoua  canal,  dilatang  at 
one  end  into  an  amiralla.  On  continuing  the  expoaure  of  the  mem- 
branoua  canal  it  will  be  seen  to  join  a  rather  large  membranons  sac,  the 
atride.  Separated  by  a  slight  constriction  is  a  smaller  sac,  the  saccule, 
and  at  the  anterior  end  of  this  is  a  small  membranous  projection  which 
represents  the  cochlea. 

2.  Continne  the  dissection  further  so  as  to  completely  expose  the 
three  aemldicnlar  caaala.  Note  also  a  tube  leading  towards  the  bui^ 
face  from  the  utricle,  representing  the  zeceesua  TestibtilL 

3.  Observe  that  the  ampullae  are  more  rigidly  adherent  to  the 
cartilaginous  walls  than  the  length  of  the  membranous  canals.  Open 
one  such  ampulla  where  comparatively  free  and  not«  the  crista 
BCQstica  running  transversely  across  the  tube  for  about  a  third  of  the 


ADDITOBT  BBNSATIONB. 

Bange  of  Appredati<m  of  Soiuid. — ^ExpKEtniENT.    In  a  room  as  free 

from  noise  aa  possible,  let  the  subject  ait  with  eyes  closed  and  one  ear 

plugged  with  cotton-wooL    Let  a  fvatcb  be  held  in  a  line  joining  die 

'  A  dog-flih  Mn  be  naed  (or  thii  iJimrirHnn 
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cvo  ears,  and  let  it  be  placed  opposite  the  open  ear  at  such  a  distance 
ibat  itM  ticking  is  just  appredable.  Id  a  quiet  room  this  distance  ma; 
vary  inm  2*6  to  about  5  meters.  Bepeat  the  experiment  with  the  other 
ear. 

2.  Audltorr  Fatfsne. — The  full  effect  of  any  sudden  sound  tends  to 
temporary  fatigue,  to  abolish  appreoiatian  of  the  fainter  echoes  which 
succeed  it.  If  the  full  effect  be  avoided  the  fainter  echoes  may  be 
heard. 

EzpXBDtEKT  I.  Let  a  sudden  intense  sound  (such  as  may  be  made 
by  striking  a  bench  with  a  hammer)  be  produced,  (a)  with  tiie  ears 
open,  (b)  with  the  ears  closed  for  about  half  a  second  after  the  impact. 
In  the  first  case  the  intense  sound  will  alone  be  noticed,  in  the  second 
case  fainter  echoes  will  be  noticed  in  opening  the  ears. 

Experiment  IL  Strike  a  tuning  fork  and  place  it  (»  the  crown  of 
the  head  with  gentie  pressure.  When  the  sound  is  no  longer  heard, 
remove  it  for  a  few  seconds  and  then  replace  tt  again  when  the  sound 
will  be  again  appreciated. 

ExpBRiUENT  IIL  Using  a  binaoral  stethoscope,  sound  a  tuning-fork 
on  a  stand,  and  standing  symmetrically  with  respect  to  the  fork  let  the 
opening  of  the  stethoscope  be  directed  towards  the  fork.  Then  pinch 
one  tube  of  the  stethoscope,  and  the  sound  will  be  located  by  means  of 
the  patent  tube  only.  When  the  sound  has  almost  died  away  reopen 
the  pinched  tube,  and  now  the  sonnd  will  appear  differently  located  and 
more  intense  to  the  ear  which  has  not  been  fatigued. 

3.  Appreciation  of  Fitch.— Experiment.  With  Qalton's  whistle 
or  some  apparatus  which  will  provide  variation  in  piteh,  observe 
the  highest  piteh  in  which  tone  can  still  be  recognised.  Conversely, 
note  the  lowest  audible  pitch  in  which  tone  can  still  be  heard. 

4.  Becogidtion  of  Absolnte  Pitch. — By  practice  a  trained  musician 
can  name  the  piteh  of  different  tones.  Education  is  required  more  ioe 
this  probably  than  in  naming  fine  differences  of  colour. 

Experiment.  Sit  with  the  back  to  a  piano  and  name  the  notes 
struck  at  random  by  the  observers.  In  many  cases  this  experiment 
may  be  impracticable. 

5.  Beats. — If  two  tones  of  different  pitches  be  produced  at  the  same 
tame  they  mutually  interfere  and  the  resultant  sensation  is  marked  by 
a  rhythmic  variation  in  intensity,  and  is  described  as  characterised  by 
beait. 

ExpEBntSNT  L  Put  two  tuning-forks  of  different  pitehes  into 
vibration,  and  frequently  the  rhythmic  beating  is  easily  recognised. 
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ExFERiHSNT  IL  Take  two  timing-forks  whioh  produoe  beata  when 
aimnltaneouBljr  caosed  to  vibrate.  Place  one  at  Buoh  a  distance  from 
the  ear  that  it  oan  ecaroely  be  heard.  Bring  the  other  fork  gradnally 
doeer  to  the  ear  and  the  beaU  will  be  recognised. 

6.  OoaqNnmd  Tonee. — ^The  tones  produced  b;  musical  infitmmenta 
are  not  simple  tones,  but  blended  with  other  so  called  overtones.  The 
lowest  tone  of  the  group  gives  the  ftmdamental  tone. 

ExPEBiHSNT.  Stretch  a  violin  string  between  two  fixed  points. 
Set  this  into  vibrataoD  by  pulling  it  near  one  end,  and  immediately 
touch  it  in  ^e  centre  with  the  fingw.  The  tone  will  seem  to  be  pitched 
an  octave  higher.  The  fundamental  tone  of  the  original  group  is 
obliterated,  and  the  lowest  tone  now  is  an  octave  higher,  and  thus  a 
new  fundamental  with  other  lesa  evident  overtones  give  the  tone  to  the 
group. 

7.  Location  of  Tones. — Exfkbihxnt  I.  Sound  a  lai^  tuning-fork 
and  press  it  against  the  vertex.  The  sound  will  appear  to  come  from 
inside  the  head.  Then  close  one  ear,  and  the  sound  will  seem  to  be 
localieed  in  the  other  ear. 

BZFEBIMXNT  IL  Sound  a  tuning-fork  u  above  and  note  the  effect 
of  placing  it  on  different  parte  ot  the  head. 

EzPKRiHENT  UL  Sound  a  tuning-fork  and  let  its  foot  rest  npon  tiie 
twth.  Close  one  ear  and  localise  the  apparent  change  in  position  of 
the  sound. 
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PHYSIOLOGICAL  CHEMISTRY. 

INTRODUCTION. 

Phthiolooioal  Chemistr7,  Chemical  Physiology,  ot  Ko-ohemistry,  is 
Uie  subject  which  treats  of  the  chemkal  processes  ooonected  with  life. 
It  c(HnpriseB  a  study  of  the  chemical  constitution  of  the  various  tissues 
and  of  the  chemical  nature  of  the  interchanges  undergone  by  the  food- 
itaSs  in  their  passage  through  the  organism. 

The  chlorophyll  in  the  leaves  of  green  plants  absorbs  certain  of  the 
spectral  rays  of  sunlight  {the  red,  yellow  and  orange)  and  utilizes  the 
absorbed  energy  to  bring  about  a  reduction  of  carbon  dioxide  and 
water.  In  this  process  oxygen  is  evolved  and  there  is  formed  a  carbo- 
hydrate in  which  the  energy  absorbed  from  the  light  becomes  locked 
up  in  potential  foi-m,  as  the  carbohydrate  can  again  combine  with 
oxygen  with  the  liberation  of  energy.  A  chemical  synthesis  is  said 
to  oceur,  and  although  simple  carbohydrates  are  invariably  the  first 
products  of  this  synthesis  that  we  can  isolate,  yet,  by  further  chemical 
transformations  of  the  same  nature,  more  complex  carbohydrates,  fats 
and  proteins  are  evolved. 

Animals  eat  the  products  of  plant  life  and  decompose  them  so  as 
to  liberate  the  potential  energy,  that  is  to  say,  to  convert  it  into 
kinetic  energy,  which  is  then  used  in  the  functions  of  the  animal 
body.  The  ultimate  source  of  animal  energy  is,  therefore,  certain  of 
the  Bun's  rays.  In  thus  decomposing  the  large  molecules  supplied 
them  by  the  plant  animals  absorb  oxygen  and  evolve  carbon  dioxide 
which  again  the  plants  absorb  and  thus  complete  the  cycle. 

Plants  with  no  chlorophyll— such  as  the  parasites  and  saprophytes, 
etc — cannot  perform  these  syntheses,  but  like  animals  they  absorb 
oxygen,  decompose  complex  molecules  and  liberate  carbon  dioxide. 
Even  green  plante  exhibit  this  latter  process,  although  in  day  light 
it  is  masked  by  the  more  active  synthetic  changes.  In  the  daik, 
however,  green  plants  behave  like  chlorophyll-free  plants. 
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All  the  food-stuff  digested  by  the  animal  is  not  decomposed,  a 
certain  amount  of  it  being  used  in  order  to  build  up  the  tissues 
themselves  (e.g.  muscle,  glands,  etc.),  and  a  certain  amount  being 
laid  aside  as  ston^e  material  (e.g.  fat,  glycogen),  which  the  organism 
can  use  as  food  in  times  of  need. 

The  chemical  substances  which  exist  in  the  food-stnfTs  and  tiBBues 
may  be  divided  into  inorganic  and  organic,  the  foimer  include  wat«r 
and  the  mineral  salt^,  and  the  latter  consist  of  organic  compounds 
containing  the  elements  carbon,  oxygen,  hydrogen,  and,  in  some  casee, 
nitrogen.  The  organic  substances  are  divided  into  two  groups  de- 
pending on  whether  or  not  they  contain  nitrogen.  The  nitrogenous 
food-stuffs  include  protein,  which  is  the  most  important  constituent 
of  the  tissues,  and  without  which,  as  a  food-stuff,  animal  life  is  im- 
possible. The  non-nitrogenous  food-stuffs  include  the  fats  and  carbo- 
hydrates, both  of  which  may  be  regarded  as  combustion  materials; 
fat,  moreover,  is  the  principal  storage  substance  for  surplus  food-stuff 
assimilated. 

The  chemical  composition  of  fats  and  carbohydrates  is  fairly  accu- 
rately known,  but  at  the  present  date  we  are  only  beginning  to 
understand  the  structure  of  the  apparently  much  more  complex 
protein  molecule.  Much  leas  do  we  know  of  the  chemical  constitu- 
tion of  living  protoplasm  of  which  protein  is  the  chief  constituent^ 
for  living  matter  cannot  be  analysed  since  it  is  killed  by  the  process 
of  analysis,  and  the  results  obtained  show  only  the  decomposition 
products  of  dead  matter. 

These  bodies,  fata,  proteins,  and  carbohydrates,  really  represent  the 
elementary  constituents  of  the  organism,  and  they  are  frequently 
called  the  '  proximate  principles.' 

We  shall  first  of  all  study  the  chemical  nature  of  the  proximate 
principles,  then  the  variety  and  amount  of  these  contained  in  the 
various  tissues  and  foods.  We  shall  then  be  in  a  position  to  investi- 
gate the  nature  of  the  chemical  interchanges  in  the  organism,  and, 
in  order  to  do  this,  we  shall  require  to  study  the  chemical  compo- 
sition of  the  various  excretory  bodies  given  off  in  the  urine  and  other 
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CARBOHYDRATES. 


Ohmiical  BolatitnuhlpB.— These  are  oompounds  of  carbon,  hydrogen, 
ftnd  oxygen,  in  which  the  latter  two  elements  usually  exist  in  the 
same  proportion  as  in  water.     Their  general  formula  is  therefore 

Carhohydrates  are  found  chiefly  in  regetable  tassues,  but  also  occur 
in  animal  tissues.  They  form  very  important  food  etuSs,  for  they  are 
easily  digested  and  assimilated,  and  moreoyer  are  much  cheaper  than 
proteins  and  fats.  (See  Diet)  The  simplest  form  of  carbohydrate  is 
called  a  monosaediaride,  and  all  other  carbohydrates  can  be  broken  down 
into  two  or  more  monosaccharide  molecules  by  the  chemical  process  of 
hydrolysis.  When,  by  this  process,  two  monosaccharide  molecules  are 
produced,  the  carbohydrate  is  called  a  dtsacdiaride ;  when  more  than 
two  are  produced,  the  carbohydrate  is  called  a  poh/sacdumde.  The 
monosaccharides  and  disaccharidea  being  sweet  to  the  taste  are 
together  spoken  of  as  sugars. 

I.     MONOSACOHASIDXS. 

Chemically  considered,  monosaccharides  are  either  aldehydes  or 
ketones ;  the  former  are  called  aldoses,  the  latter  ketoses.  The  aldoses 
are  classed  according  to  the  number  (rf  carbon  atoms  in  the  molecule, 
e.ff.  pentose  C^H,gO^  hexose  CgHjjO,. 

Aldoses. — An  aldehyde  ie  the  first  oxidation  product  of  a  primary 
alcohol,  and  it  contains  the  end  group  -  CHO. 

A  jnimary  alcohol  is  one  in  which  the  "  OH  "  or  "  hydroxyl  group  "  is 
attached  to  the  last  carbon  atom  of  the  molecule— as  in  primary  propyl 
alcohol,  CHg-CH,-CH,OH, 

and  it  contains  t^e  end  group  -  CH^OH.  If,  on  the  other  hand,  the 
hydroxyl  group  be  attached  to  a  central  carbon  atom — as  in  secondary 
propyl  Uoohol,  CH,-CHOH-CH, 

the  alcohol  is  called  seamdan/,  and  contains  the  group  -  CHOH. 

Thus,  if  ethyl  alcohol  be  heated  with  potassium  bichromate  and 
sulphuric  acid,  it  is  oxidised  and  acetic  aldehyde  is  formed : 

CHj  -  CHjOH  +  O  -  CHg  -  CHO  +  Hfi. 

Ethyl  alooho].         Aoetio  aldehyde. 
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This  group,  -  CHO,  is,  however,  not  a  stable  one,  bat  very  readily  under- 
goes further  oxidation  to  produce  the  acid  (carbozyl)  radicle  -  COOH, 
CHg  -  CHO  +  0  -  CH,  -  COOH. 
Aoetia  ftldehyde.         Aoetio  aoid. 

As  a  consequence  of  this  tendency  to  absorb  oxygen  aldehydes  are 
strong  redveing  agents,  and  it  is  this  property  which  constitutes  one  of 
their  most  important  group  reactiouB,  for  the  reaction  is  frequently 
accompanied  by  a  risible  change  in  the  colour  of  the  solution. 

Their  power  of  reducing  cupric  hydroxide,  which  is  blue  in  colour, 
to  cuprous  oxide,  which  is  red,  and  of  reducing  silver  nitrate  to 
metallic  silver,  is  of  especial  value  as  a  test.  Similar  reactions  are 
obtained  with  certain  bismuth  and  mercury  salts.  In  order  to  produce 
these  reactions,  it  is  necessary  that  the  liquid  be  alkaline  in  reaction. 

E^ERIHBNT  I.  Demonstrate  the  reducing  power  of  a  simple  alde- 
hyde, such  as  formaldehyde,  on  cupric  salts  in  alkaline  solution.  Place 
one  drop  of  a  weak  solution  of  cupric  sulphate  in  a  teat  tube.  Add 
about  ten  drops  of  formalin  (40%  formaldehyde),  and  then,  drop  by 
drop,  a  strong  solution  of  caustic  soda.  The  first  drop  or  so  of  the 
latter  produces  a  precipitate  of  cupric  hydroxide,  but  this  afterwards 
becomes  redissolved,  provided  there  be  only  a  trace  of  copper  present. 
Now  boil  and  note  that  a  red  or  yellow  precipitate  of  cuprous  oxide  is 
produced  This  is  called  Trommer's  test.  The  chemistry  of  the 
reaction  is  illustrated  by  the  following  equations : — 

Isi  Stage.    CuSO,  +  2NaOH  =         Cu(OH)j  +  Na^O,. 

Ouprio  sulphate -fcBustiaBods.     Cupriohydroxide  +  sodium  aulph&te. 
The  cupric  hydroxide  is  kept  in  solution  by  the  aldehyde  to  form  a 
clear  blue  solution.    Sy  heating  it  is  believed  that  a  hypothetical 
cuprous  hydroxide  is  formed,  thus : — 

2ndStage.    2Cu(0H)j  +  E«.CH0    =  Cu,(OH)j  +  E.COOH  +  H,0. 
Cuprio  hydroxide  -I-  aldehyde.  Cuprous  hydroxide  +  aoid. 

The  cuprous  hydroxide  then  loses  a  molecule  of  water  and  changes  into 
the  oxide:  Cu,(OH)s - HjO - CujO. 

Experiment  II.  Demonstrate  the  reduction  of  silver  nitrate  by  a 
simple  aldehyde.  Place  about  6  c.c.  of  an  ammoniacal  solution  of  silver 
nitrate  (prepared  by  adding  ammonia  to  a  solution  of  silver  nitrate  till 
the  precipitate  formed  just  redissolves)  in  a  t«st  tube,  and  add  to  it 
about  ten  drops  of  formaldehyde.  Boil.  Reduction  takes  place,  and 
the  metallic  silver  is  deposited  as  a  mirror  on  the  wall  of  the  test  tube ; 
AgjO  +  RCHO-2Ag  +  R.COOH. 

*  B  stands  for  the  more  or  leas  oompUoated  group  or  radicle  to  whloh  the  -  CHO 
group  ie  attached.     In  the  ease  of  formaldehyde  thia  ia  H. 
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Beactionii  of  IfonoBacchuidea  depending  on  the  fact  that  the;  aie 
aldehydes. 

/.  Tlieir  Reiiacing  yoirer.  ^Dextrose  is  the  aldehyde  correapoiiding  to 
the  hexalomic '  alcohol,  sorbite. 

CHjOH  -  (CHOH)^  -  CHjOH.   CH,OH  -  (CHOH),  -  CHO. 
tjorbite.  Dextrooe. 

It,  therefore,  nianifeste  strong  reducJDg  powers  on  metallic  oxides  in 
alkaline  solution. 

ExpKRiMENT  III.  Demonstrate  the  reducing  power  of  a  mono- 
saccharide, such  as  dextrose  on  cupric  sa\ls  in  alkaline  reaction. 

Tromnier's  TVs/.— Place  a  few  drops  of  a  weak  solution  of  ciipric 
sulphate  in  a  test  tube  :  add  about  5  c.c.  of  a  1%  solution  of  dextrose, 
and  then,  drop  by  drop,  a  ^0%  solution  of  caustic  soda  until  the 
precipitate  of  cupric  hydroxide,  which  at  first  forma,  becomes  re- 
diseolved,  and  a  clear  blue  aohitiou  is  obtained.  Boil.  Reduetioii 
is  effected,  a  red  precipitate  of  cuprous  oxide  resulting. 

Repeat  experiment  without  the  addition  of  dextrose.  A  black 
precipitate  of  cupric  oxide  is  obtained  on  boiling  with  excess  of 
caustic  soda. 

ExPBRiMENT  IV.  Fekting's  Tmit. — This  differs  from  Trommer's  test 
in  that  tartrate  of  sodium  and  potassium  [Rochelle  salt)  is  added 
to  the  mixture  of  CuSO,  and  NaOH.-  Rochelle  salt  has  the  property 
of  dissolving  cupric  hydi-oxide  forming  a  blue  solution,  which  is 
unaltered  on  1>oiling,  and  is  therefore  of  especial  value  when  the 
solution  to  be  tested  contains  only  a  small  amount  of  dextrose  or 
other  reducing  substance.  Boil  a  few  c.c.  of  Fehling's  solution  in 
a  test  tube.  Add  the  dextrose  solution  drop  by  drop,  with  continued 
boiliiig,  until  reduction  results,  as  evidenced  by  the  blue  colour  being 
diminished  and  an  omnge  red  precipitate  settling  down. 

Experiment  V.  Nylandei-'s  Test.— To  about  5  c.c.  of  dextrose 
solution  in  a  test  tube  add  about  1  c.c  of  Nylander's  reagent  (a 
solution  containing  10%  caustic  soda,  1%  Rochelle  salt  and  2%  bismuth 
Bubnitrate).  Boil  for  two  minutes.  A  black  precipitate  of  bismuth 
forms.  Some  substances  (creatintn,  uric  acid)  which  reduce  Fehling's 
solution  do  not  give  this  test.  As  regards  the  sugars,  however,  where 
Fehling's  test  is  positive  this  teat  will  also  be  positive. 

which  ooDtdiiu  aix  OH  yroupa.     Olyoerine  is  oalled 

three  such  groups.     Ethyl  alcohol  is  mon.atomio. 
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ExPERiMKNT  VI.  Boil  some  glucose  solution  with  Barfoed'a  solution 
(acid  cupric  acetate).  Reduction  oceiira.  This  t«8t  applies  to  the 
monosaccharides  only.     Disaccharidea  do  not  reduce  Barfoed's  solution. 

Experiment  VII.  DemonBtrate  that  dextrose  also  reduces  ammonia- 
cal  silver  nitrate  to  metallic  silver. 

//.  Momsacdiai-ides  forrn  componnds  called  Oaatmies,  with  Phenyl 
Hydrazaie. — The  compounds  are  very  useful  in  identifying  the  various 
forms  of  sugars,  as  each  sugar  forms  a  slightly  dilTerent  compound. 
They  are  also  of  great  interest  because  it  was  by  producing  them 
that  Emil  Fischer  was  able  to  convert  one  sugar  into  another  and 
thus  to  discover  the  chemical  constitution  of  the  sugars. 

Experiment  VIII.  The  production  of  osazones.  Add  -26  grm. 
(enough  to  cover  a  sixpence)  of  phenyl-hydrazine  hydrochloride  and 
an  equal  bulk  of  sodium  acetate  crystals  to  about  10  c.c.  of  a 
1  ^  solution  of  dextrose.  Warm  gently  till  everything  is  dissolved, 
and  then  place  for  half  an  hour  in  a  boiling  water  1>ath.  Allow  to 
cool,  when  a  yellow  precipitate  of  glucosazone  will  separate  out. 
Examine  this  under  the  microscope,  and   notice  that  the  precipitate 


is  composed  of  branching  needle-shaped  crystals 
or  sheaves  (Fig.  221). 

The  chemical  reaction  takes  place  in  t 
body  being  called  a  hydrazone. 
The  formula  for  osazone  is 

CH.OH 

I 
(CHOH), 
I 

C-N-NH-C, 
I 

C  =  N-KH-C, 
I 
H 

The  excess  of  sodium  acetate  in  the 


mged  ii 


,  the  intermediate 


the  phenyl- hydrazine  hydrochloride  so  a 


almve  mixture  reaets  with 
to  form  the  acetate. 

Wlioii  it  is  desired  tu  produce  osiuoiiea  from  dilute  sugar  sulutiuna,  a  more 
certnin  way  to  proceed  is  ns  follows  ;  Mix  two  drops  of  phonj-l- hydrazine  (fluid) 
with  ton  dn>ps  glaaiiil  scctiu  ooid  and  add  to  this  5  a.c.  of  the  sugar  Bolutioii, 
nhake,  and  place  the  test  tube  for  one  liour  in  the  boiling  water  bath.  After 
cooling  examine  under  the  microscope  for  tbe  crystals.  With  stronger  sugar 
solutions  tbis  method  yielda  crystals  after  a  few  miTiutes'  heating. 

The  advantage  ot  the  phuny I- hydrazine  hj'droohloride  is  that  it  docs  not 
readily  decompose  on  keeping,  whereas  the  free  base  dues. 

The  osaujne  orystals  are  valuable  fur  distiagnisbing  between  the  different 
Bugan.     Besides  miurosuopioal  examination,  a  determination  of  the  melting  point 
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JB  often  of  value.  For  this  purpose  the  crystals  of  osazone  are  ooilsoted  on  a 
filter  piLper,  washed  with  wuter  acidulated  with  aoetio  aoid,  recrystallLsed  from 
water,  aloohol  or  acotio  acid,  and  dried  by  placing  io  a  desiooator  over  H^O,. 
They  are  then  placed  in  a  narrow  glass  tube  closed  at  one  end  and  tied  on  to 
the  bulh  of  a  thermometer  hy  a  tine  platinum  wire.  The  thermometer  is 
suspended  in  a  long  necked  Jena  Soak  in  which  ia  oonoentrated  H^O,  (almost 
saturated  with  K^O,  to  prevent  fuming)  and  the  temperature  gradually  rai«ed 
by  heating  the  Bask  over  wire  gauze.  The  bulb  of  the  thermometer  should  dip 
into  the  sulphuric  aoid.  The  exact  temperature  at  whioh  the  crystals  bugin 
to  melt  and  the  temperature  ot  complete  fusion  are  noted.  For  accurate  work, 
a  correction  ia  necessary  because  the  mercury  thread  is  cooler  Chan  the  bulb  of 
the  thermometer.*  and  ' 
The  following  are  the  melting  points  of  some  of  the  most  important  OBBXonea : 

Dextrosazone,' ...        -        204-205°C. 

Laotoeazono,     ...        -        200°C.  (Begins  to  melt  at  this  temp.) 

Maltoaaione,     ....        206°  C. 
If  the  crystals  are  pure,   melting  occurs  at  once,   but   if  they  are   impure 
there  may  be  a  considerable  difference  in  temperature  between  the  points  of 
commencing  and  complete  fusion. 

If  an  osazone  be  hydrolysed  by  treating  with  fuming  HCl  it  breaks  up, 
phenyl  hydrazine  being  set  free,  and  a  Itody  called  an  osone  resulting.  This 
latter  has  the  formula  CH5OH  -  (CHOH),  -  CO  -  CHO,  from  whioh  it  is  seen  that 
it  contains  both  an  aldehyde  and  a  ketone  group.  The  former  of  these  groups 
can  be  converted  into  the  CHjOH  group  of  sugar  by  treating  with  a  reducing 

CH,OH-(CHOH),-CO-CHO  +  R,  =  CH,OH-(CHOHl,-CO-CH,(OH) 

which  is  the  fopmula  for  laovnlosa  (a  ketose). 

The  aldoses  can  thus  bo  changed  into  the  ketoaes,  and  if  the  aldose  obtained 
by  condensation  of  formaldehyde  be  used  as  the  starting  point  an  interesting 
syiithesiB  from  a  simple  aldehyde  to  a  more  complex  one  and  then  to  a  ketose  is 
illustrated.  It  ia  believed  by  some  that  formaldehyde  is  the  chemical  substance 
which,  by  a  process  of  reduction,  ohlorophyll-containing  plants  first  form 
from  CO]  and  H,0.  By  condensation  of  several  (Sve  or  six)  formaldehyde 
molecules  pentoses  or  henosos  become  formed,  and  from  these  the  more 
complex  carbohydrates.  By  other  chemical  actions  fata  and  proteins  can  then 
be  produced. 

///,  The  simple  swfars  can  be  artificially  prepared  by  careful  oxidation  of 

'  To  make  the  alxive  correction,  a  second  thermometer  must  be  suspended  in  the 
flaak  with  its  bulb  opposite  the  middle  of  the  column  of  mercury  of  the  main 
thermometer,  the  formula  for  oorroction  is  then  HT ~ t)[Q'000\5i)  where  L  =  the 
height  of  the  mercury  column  of  the  main  thermometer  above  the  sulphuric  acid 
measured  in  degrees;  T'^the  reading  of  the  main  thermometer;  I  the  reading 
of  the  air  thermometer.     This  correction  must  lie  added  to  the  reading  T  of  the 

^  Too  much  reliance  must  not  be  placed  on  a  determination  of  the  melting  points 
of  oaazones  in  identifying  unknown  sugars,  for  they  vary  with  the  rate  of  heating 
and  with  the  method  of  punfication  of  the  osazone. 

'  Lacvulose  forms  the  same  oaazono  as  dextrose. 
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■                 ihe  eorreeponding  alcohols  or  hy  reduclim  of  the  corresponding  a«rfs.— There        1 

f                are  three   hexatomic   alcohols   differing  from  one  another  in   their       1 

\                  constitutional  formulae.     From  each  of  these  a  different  aldose  (or        1 

ketose)  can  be  produced  by  oxidation,  and  the  aldoses  can  be  further       1 

oxidised  to  form  three  different  mono-basic  acids,  or  further  atill,  to       1 

form  three  di-basic  acids,  thus:                                                                    1 

Al«*oL 

Aldu». 

(Kb1-«). 

MoDa-bulc'Adda. 

—      1 

Sorbite 
Mannite 
DaloiW 

Dextttwe 
Mannose 
Oalftctose 

(Laevukwp) 
(Iie™loee)» 

Maiinonio 
GaUctonia 

S«cohftrio                     1 
MannoBaecharie          1 

Another  monobasic  acid  is  glycuronic— CH0.(CH0HJ.CO0H  which 
differs  from  gluconic,  etc.,  in  the  fact  that  oxidation  has  occurred  at  the 
C  atom  furthest  removed  from  the  aldehyde  group.     Its  physiological 
importance  will  be  discussed  in  the  chapter  on  urine. 

Ketoses.— As  mentioned  above,  some  carbohydrates  belong  to  the 
group  of  substances  called  ketones.     A  ketone  is  the  oxidation  pro- 
duct of  a  secondary  alcohol  and  it  contains  the  group— CO — which 
is  situated  somewhere  in  the  chain   between  other  groups  and   not 
at  the  end  of  it  a£  in  the  case  of  the  -  GHO  group  of  the  aldehydes. 
The  simplest  ketone  is  acetone  CHg  -  CO  -  CH^  which  may  be  ob- 
tained by  oxidation  of  secondary  propyl  alcohol, 

CHg  -  CHOH  -  CH,  +  0  =  CHa  -  CO  -  CH,  +  Hp. 
Sccondnry  propyl  alcohol.                        ncotone. 

Ketones  form  compounds  with  phenyl  hydrazine,  but  only  some 
of  them  reduce  metallic  oxides  in  alkaline  solution.     Those  ketones 
which    belong   to   the   carbohydrates   manifest  this    reducing   power. 
The  only  well-known  ketose  is  laevulose.     There  are  several  reactions 
characteristic  of  ketoses,  of  these  the  following  is  important. 

of  a  solution  of  laevulose  with  half  iu  volume  of  concentrated  HCl. 
Add  a  few  crystals  of  resorcin  and  heat  the  mixture.     A  deep  red 
colour  develops  and  later  a  brown  precipitate.     The  colour  can  be 
extractetl  by  shaking  with  amyl  alcohol. 

Repeat  this   experiment  with   pure  dextrose  solution  instead    of 
laevulose.     A  slight  red  colour  develops  but  no  precipitate. 

I                        "The      .,          „            dibaeio            „        COOH-(CHOH],-COOM. 
B                       'Laevulose  when  oxidisi^  does  nol  form  tlie  uinie  products  as  mannoee  or 
■                    dextrose  hut  breoka  down  into  produela  with  fewer  carb.«i  atoma  than  itself. 
1                     ThisisbecnusoitiaaketoBC. 
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CHAPTER  11. 

CARBOHYDRATES— CoMTiHniD. 

OtUBR  RBACTI0N3  OP  CaKBOHYDRATUS. 

There  are,  howavar,  other  reactions  of  carbohydrates  which  do  not 

depend  on  their  being  aldehydes  or  ketones.     The  most  important  of 

these  are : 

/.  Mdisck  ted. — This  is  an  extremely  sensitive  test,  being  especially 
suitable  for  the  detection  of  minute  traces  of  carbohydrate.  For 
example,  most  proteins  {e.g.  egg  albumin)  give  it,  on  account  of  the 
carbohydrate  groups  which  they  contain. 

Experiment  I.  To  about  2  c.c  of  a  very  dilute  sugar  solution, 
or  of  a  strong  solution  of  egg  albumin,  add  a  drop  of  a  saturated 
alcoholic  solution  of  a-naphthol.  Then  carefully  pour  about  an  equal 
volume  of  pure  concentrated  H^SO^  down  the  wall  of  the  test  tube  so 
that  it  forms  a  layer  at  the  bottom.  On  standing  a  minute  or  so  a 
deep  violet  ring  forms  at  the  line  of  contact  of  the  two  fluids.  The 
greenish  colour  which  also  develops  ia  due  to  the  reagents  and  is  no 
part  of  the  test. 

//.  Fermenialwn  with  Yeaet. — By  allowing  yeast  to  grow  on  a 
solution  of  dextrose,  iho  latter  is  split  up  into  alcohol  and  carbon 
dioxide, 

CgH,jO,     =     2CAOH  +  2CO, 
Dextrose.     Ethyl  alcohol  +  carbon  dioxide. 

All  carbohydrates  do  not  give  this  reaction,  so  that  it  is  of  value  as 
a  distinguishing  teat  for  the  presence  of  dextrose  in  the  urine.  Com- 
mercially it  is  the  agency  employed  in  the  preparation  of  alcoholic 
beverages. 

To  ascertain  whether  the  addition  of  yeast  to  a  solution  produces 
fermentation,  the  process  should  be  allowed  to  proceed  in  an  inverted 
tube  over  mercury,  or  in  a  Southall's  ureometer  (see  Fig.  244),  so  that 
any  carbon  dioxide  gas  which  develops  may  be  collected,  and  if 
necessary  tested. 

Experiment  II.  Shake  up  a  1  per  cent,  solution  of  dextrose, 
which  has  been  previously  boiled  to  expel  the  air  and  then  cooled,  with 
a  piece  of  yeast  the  size  of  a  split  pea.  Pour  the  opalescent  solution 
thus  obtained  into  a  Southall's  ureometer  (p.  421)  so  that  it  completely 
fills  the  vertical  tube.  Now  place  the  tube  aside  in  a  warm  place  for 
some  time,  when  it  will  be  found  that  a  certain  amount  of  gas  has 
collected  at  the  top  of  the  tube.     This  gas  is  CO^  as  can  be  shown  by 
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adding  some  N&OH  to  the  tube  by  means  of  a  pipette  and  shaking : 
the  gaa  disappears.  As  a  control,  a  tube  filled  with  water  and  yeast 
shonld  also  be  incubated.    This  should  yield  no  gas. 


Bapest  the  above  experiment  with  limilar  lolDtioiu  of 
msltOM,  Uctoae  and  cane  lugsr,  and  note  that,  after  24  honn,  lactoaa  hai  not 
ondergoDe  anj  fermentation,  whereas  it  i«  marked  in  the  case  of  maltoee ; 
cane  aogar  also  showa  a  certain  amount  of  fermentation.  Teaat  contain*  an 
invortaae  (maltaae)  whioh  readily  hydnlysee  maltose  into  deitroae,  on  which 
the  ^maae  of  the  yeast  then  aaCa,  forming  alcohol  and  carbon  dioxide.  Another 
invertase  in  the  yeast  acta  on  oaue  sagar.     Theee  inTertaaea  have  no  action  on 

///.  Eolation  of  Polarised  Ligkl. — All  simple  carbohydrates  rotate 
the  plane  of  polarisation  of  polarised  light  to  the  right  except  laevuloee, 
which  rotates  to  the  left. 

This  effect  is  doe  to  the  presence  in  the  molecule  of  asymmetrical  carboD 


*CH0H  •Choi 

"CHOH  •CHOI 


HOH 


io 


CHO  CH,OH 

*  DenotnB  an  asymmetrical  carbon  atom. 

UxaminatioD  of  the  above  formulae  shows  that  the  aldoses  oontain  four 
asymmetrical  carbon  atoms,  whilst  the  corresponding  ketosea  contain  only 
three.  The  different  arrangements  in  space  of  the  heiose  carbon  atoms  allow 
of  the  existence  of  sixteen  different  hezosea,  of  which  twelve  have  been 
identified.  Only  two,  however,  are  of  physiological  importance,  dextrose  and 
galactose.  The  different  spacial  arrangement  of  the  atoms  in  the  molecule 
acconnts  for  the  difference  in  rotatory  powers  shown  by  these  aldoses  and  also 
for  slight  differences  in  chemical  properties,  such  as  crystalline  form  and 
melting  point  of  the  osazones. 

Polulsatioa  of  Light.— When  two  alioes  of  tourmaline,  a  semi-lransparenl 
mineral,  are  cut  paraUel  to  the  axis  of  the  crystal  and  laid  over  one  another,  it 
will  be  noticed  that  the  amount  of  light  which  passes  through  the  combination 
varies  according  to  the  relative  positions  of  the  two  slices  to  one  another.  If 
the  slices  be  at  right  angles  to  one  another  no  light  passes  through,  and  in 
intermediate  positions  only  a  certain  amount,  so  that  an  opaque  combination  is 
obtained.  A  ray  of  ordinary  light  contains  vibrations  in  all  planes  passing 
through  the  ray ;  but  when  the  light  passes  through  a  tourmaline  plate  it 
vibrates  in  one  plane  only.  Ordinary  light  may,  therefore,  be  likened  to  a 
wheel,  the  axle  representing  the  ray  of  light  and  the  spokes  the  planes  along 
which  it  vibrates.     On  passing  through  the  tonrmaline  plate,   however,  the 
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light  il  capable  of  vibrating  in  one  plane  only,  which  woald  correspond,  in  our 
example,  to  two  oppoBite  spokee.  The  Ught  nhich  vibratea  in  one  plane  is 
called  plane-polarised  light,  and  cannot  be  diatinguished  by  the  naked  eye 
from  ordinary  light.  By  placing  a  second,  tiimilarly  cut,  tourmaline  plate  in 
its  course,  however,  it  can  be  detected,  for  it  will  pass  through  this  only  if  its 
axis  correspondB  to  the  axis  of  the  first  plate.  The  first  plate  is  called  the 
polariitr  and  the  second  plate  the  analyaer.  The  mechanism  of  this  action  of 
the  analyser  and  polariaer  can  be  easily  illustrated  by  a  piece  of  string  stretched 
between  two  posts;  it  can  vibrate  in  all  planes.  If  a  comb  be  placed  in  the 
course  of  the  string  the  vibrations  cbq  only  take  place  along  one  plane  corre- 
sponding to  the  direction  of  the  teeth  of  the  comb.  This  comb  represents  the 
polariser.  If  now,  a  second  comb  be  placed  along  the  string  it  will  permit  the 
vibration  of  the  string  or  stop  it,  according  to  the  position  of  its  teeth  ;  if 
these  be  in  the  same  direction  as  those  of  the  first  comb  the  string  will  go  on 
vibrating,  hut  if  they  be  placed  at  right  angles  the  string  will  cease  to  vibrate. 
Polarisation  of  light  by  tourmaline  illustrates  the  principle  of  the  polarimcter 
but  in  this  instrument  itself  it  is  found  more  convenient  to  use  a  polariser  and 
analyser  made  of  a  N'leol't  prism.  A  Nicol'a  prism  consists  of  a  crystal  of 
Iceland  spar.  Such  a  crystal  has  the  power  of  splitting  light  into  two  rays, 
one  of  which,  the  ordinary  ray,  passes  through  it  as  it  would  through  glass, 
and  the  other  one,  the  extraordinary  ray,  is  more  refracted.  Consequently, 
on  looking  at  a  dot  on  a  sheet  of  paper  through  a  piece  of  Iceland  spar  laid 
flat  on  the  paper,  a  double  image  of  the  dot  is  obtained,  and  if  the  crystal  be 
rotated,  one  of  the  dots — the  eitraordinary  ray — wiL  be  seen  to  move  round 
the  other — the  ordinary  ray— which  remains  stationary,  Now  both  these  raya 
are  polarised,  but  in  different  planes.  If  the  crystal  be  cut  across  along  a 
diagonal  line  and  the  two  surfaces  re-cemented  by  means  of  Canada  balsam, 
tbe  ordinary  ray,  when  it  meets  the  balsam,  will  be  totally  reflected  and  pass 
out  at  the  side  of  the  crystal,  wheroaa  the  extraordinary  ray  will  be  trans- 
mitted  through  the  balsam,  and  will  finally  emerge  at  the  end  of  the  pKEm. 
parallel  to  its  original  direction;  but,  of  course,  plane  polarised.  To  detect 
the  polarisation  a.  similarly  constructed  prism,  or  analyser,  must  be  used. 

Certain  other  bodies,  e.g.  a  quartz  plate,  a  solution  of  sugar  or  albumin, 
have  the  power  of  rofaling  tht  plant  of  palariaed  light.  Thus,  supposing  that 
the  plane  polarised  light  vibrates  along  a  vertical  plane,  one  of  these  bodies  uill 
cause  it  to  vibrate  in  an  oblique  plane.  If  tbe  analyser  be  »o  placed  that  none  of  the 
plane  polarised  light  can  pass  through  it  [i.e.  the  field  is  blaok),  and  if  a  piece 
of  quartz  be  inserted  between  the  polariser  and  analyser,  it  will  be  found  that 
now  a  certain  amount  of  light  passes  through  the  analyser  (i.e.  the  field 
becomes  opaque),  and,  in  order  to  obtain  darkness  again,  it  is  necessary  to 
rotate  the  analyser  in  the  direction  of  the  hands  of  a  natch,  as  seen  by  the 
observer.  Consequeotly,  rotation  has  taken  place  to  tbe  right,  i.t,  dextro 
rotation  is  said  to  have  occurred.  If  a.  solution  of  albumin  or  laevuloae  be 
employed  tbe  rotation  of  the  analyser  must  be  to  the  left,  i.e.  against  the 
hands  of  the  watch.  When  the  plane  of  white  light  passes  through  the  quartz 
plate,  however,  the  various  colours  of  the  spectrum  are  rotated  to  a  different 
degree,  so  that,  instead  of  having  a  mere  opacity  (as  is  the  case  with  inter- 
mediate positions  of  two  '  tourmaline '  plates)  diflercnt  colours  are  obtained 
according  to  the  amount  of  rotation.  Theie  are  also  samples  of  quartz  which 
rotate  the  plane  of  light  to  the  left. 
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or  Baccliariineter. 

(1)  A  Nical'i 


J  iinderHtand  the  ci 
s  of  the  following  ptirts : 
I,  called  the  polarUer.     This  polar 


{2)  A  biquarlz,  or  other  device  for  rotating,  in  opposite  diractioni,  the  tvo 
balvsB  of  »  polarised  beam.     A  biquarts  consists  of  a  dis:?  of  quartz  made  Of 
rcuUr  halves  oS  equal  thickness,  but  of  apposite  rot«t«ry  power*. 


. , .    ^f  pdlKTiBcr  Bud  d«T]ea 

KjJo  wlUi  Ttffnler  e  BtUcboi  to 


Each  half  is  of  such  a  thicknees  that  it  rota 
in  opposite  dicectiona  so  that,  on  emerging  from  the 
now   horizontal.     Instead   of   a  biquartz   many   in»ti 
circular  platfi  of  quartz. 

(3)  A  tubular  UgnJd  bolder  to  bold  10  c.c  of  tli 
If  the  length  of  this  tube  be  188-6  mm.  the  amouu 
degrees  will  correspond  to  percentage  of  dextrotc 
examined. 

|4)  A  Compensator. —This  shows  how  much  rotation  has  been  produced 
by  the  solution.  It  is  connected  with  a  scale  representing  angular  degree*, 
and  the  pointer  carries  a  vernier,  so  that  tenths  of  a  degree  can  be  read  off. 
In  Bome  instances  the  compensator  consists  of  two  wedge-shaped  pieces 
quartz,  so  arranged  on  one  another  that  the  total  thickneu  of  qi 


B  the  plane  polarised  light  to  90° 
c  the  plane  of  light  ic 


e  liquid  to  be  examined, 
t  of  rotation  in  angular 
in   the  fluid   [e.g.   urine) 
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n  be  varied  by  means  of  a  screw, 
e  dispeneed  nith,  the  amount  of 
It  part  of  the  inctrument.  namely 


posed  in  the  path  of  the  polarised  beam  n 
In  other  instruments  the  quartz  pSatea  a 
rotation  being  jneaBured  by  rotating  the  ni 
the 

(5|  AnalyseTi  ao  as  to  obtain  uniformity  of  tint  In  the  two  halves  of  Meld. 

(6)  A  Lens. 

When  the  tube  (3)  is  filled  with  water  oc  an  optically  inactive  fluid,  and  the 
compensator  or  analyser  rotated  until  a  violet  colour  of  uniform  tiat  fills  the 
field,  the  indicator  will  be  aeen  to  stand  at  zero  (if  not  so,  the  error  must  be 
noted).  If  now,  an  optically  active  fluid  be  placed  in  the  tube  the  two  halves  of 
the  field  will  become  of  different  tints,  i.t.  rotation  of  the  plane  of  polarised 
light  has  occurred.  In  order  to  measure  the  amount  of  this  rotation,  we  must 
move  the  screw  or  pointer  connected  with  the  compensator  or  analyser  until  the 
uniform  tint  ia  again  obtained.'  The  amount  of  'compensation'  neceseary  is 
read  off  on  the  scale  and,  if  the  holder  be  not  IB6'6  mm,  long,  the  necessary 
calculation  is  made  in  order  to  ascertain  the  strength  of  the  solution  (for 
formula  see  below j. 


Fin.  SSS.—lHagmB  gf  Hale 
Lti  MSlfi  ior  tDHHUHug  the  c 
le  dlaiTTun  tho  reulinf  la  2~' 


To  estimate  the  percentage  of  sugar  in  urine  the  chief  precautions  are,  (t)  to 
nee  that  it  is  per/ecl/y  dear,  and  (2)  tci  see  that  it  contains  no  protein. 

In  order  to  obtain  a  specific  or  comparative  number  ii.e.  a,  result  always 
obtained  under  the  same  conditions)  it  is  necessary  to  adopt  a  standard.  This 
consists  of  the  rotation,  in  degrees  of  a  circle,  produced  by  1  gr.  of  the 
substance  dissolved  in  1  c.c.  of  fluid  and  contained  in  a  tube  1  dcm.  long. 
This  is  diLlled  the  tpecijie  rolaliyry  poietr  and  is  represented  by  (a)  D.^  It  is 
detemuDed  by  the  following  formula  : 

where  a^the  observed  rotation, 

{  =  tbe  length,  in  decimeters,  of  the  tube  in  which  the  solntion  is  placed, 
p  =  thc  weight,  in  grammes,  of  the  suliBtanoe  conlaiiied  in  1  o.c.  solvent. 
The  rotation  produced  by  a  substance  depends  upon  its  concentration  in  a 
solution  (   if,  therefore,   the   index   (a)  D   of  any  Biiliatanco   be  known,  and   its 


'  In  the  best  modem  polnrimetera  the  field  is  divided  into  three  ;  when  at 
ese  arc  of  the  same  tint  othcrwiHO  the  central  Ijaiid  takes  a  different  colour. 
'  The  '  D  '  indicates  that  sodium  light  is  nsed. 
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raUtion  b«  MoeTtained,  iU  penmiUge  P  in  may  finid  can  be  MMrUined  by  thtt 
fcKmnlm. 

'^ — 5" 

when  i  =  (a)D. 

For  npidlf  and  accurately  detentuning  the  percentage  of  •ngar  in  an7  Quid 
(e.y.  mine)  the  polarimeter — and  eapecially  that  form  of  it  in  which  the  icale 
reads  percentagBi  of  sugar — ia  a  very  valuable  inalroment.  It  ia  mach  naed 
for  thia  pnrpoee  in  the  continental  clinica. 

The  SpeoiGo  Rotatory  Power  >  of  certain  of  the  angaiB  ia  aa  foUowa : 

Monotacchandtt  :  Dextrooe  :       +52*7*. 
Oalactoae :      +81". 
Laevnloae ;     -93°. 
Invert  angar:  -20'2°. 

Ditacdiaridet. — The  (a)  D  of  theoe  oarbohydratea  ohangsa  when  they  ar« 
hydrolysed. 

Cane  Bngari  +  Sd'S* — after  hydrolyna  beoomea  laevorotatory  (vtde  invert  sugar). 

Maltose :        + 137° — after  hydrolysis  beoomea  maoh  leas. 

lAotose  :       -f  S2'S° — after  bydrolyiis  beoomea  ilighlly  more. 

IF.  Moore's  Teat. — When  heated  with  caustic  soda  a  dark  Bubstanoe 
called  caramel  is  produced.  Thie  is  also  produced  when  sugar  is  burnt. 
Caramel  contains  several  chemical  bodies,  the  moat  important  of  which 
is  an  acid  called  levulinic  acid  (CH,  -  CO  -  CH,  -  CHj  -  COOH). 

EXPERIMBMT  III.  Mix  equal  quantities  of  a  1  %  solution  of 
dextrose,  and  40  %  NaOH  in  a  test  tube ;  heat.  A  yellow  to  brown 
colouration  results,  and  an  odour  of  burnt  sugar  (caramel)  is  produced. 
This  odour  becomes  yery  evident  if,  after  cooling,  the  solution  be 
acidified  with  H^^. 

ThB  Chief  Monosaccharides  are  dextrose,  laevulose  and  galactose. 

Dextrose,  grape  sugar  or  glucose  (GgHj^O,),  is  found  in  many  fruite, 
and  is  an  important  food-Btuff.  In  the  healthy  animal  body  it  occurs 
in  the  blood  and  muscles.  In  normal  human  blood  the  amount  of 
glucose  is  usually  from  0-1  to  015%,  but  in  disease  it  may  rise 
to  such  a  degree  that  it  appears  in  detectable  amount  in  the  urine 
(see  p.  447).  Commercially  it  exists  as  a  syrup  much  used  in  nkaking 
confections.     It  is  easily  crystallised. 

It  is  soluble  in  water  and  in  alcohol  It  has  only  a  slightly  sweet 
taste.     It  rotates  polarised  light  to  the  right  ((a)D^  +62-7). 

'  The  rotatory  power  of  a  solution  of  a  lagar  ia  frequently  different  when 
the  solution  is  freshly  made  from  what  it  becomes  on  standing.  Thia  pheno- 
menon is  called  mntarotation.  The  figures  given  are  all  for  solntions  which 
have  been  kept  long  enough  to  he  in  equilibrium.  Temperature  alao  affects 
the  rotatory  power  of  a  eolntion,  particularly  in  the  case  of  laevuloee  and 
invert  engar. 
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GlnocMe  rMdilj  ooidIhiim  with  aloohola,  adda,  pbeoola,  et& ,  to  form  pfucottJet. 
Theae  at*  rasolTol  into  their  Mnutitnent  groapa  by  hydroljaii  with  koid.  To 
uodentMid  their  itmctnre,  the  formula  for  gltiooM  is  beat  written  with  four  of  ite 
C  atonu  in  »  ring  thna : 


-  (CHOH),  -  CH  -  CHOH  -  CH^H. 


When  the  H  atom  of  the  hjrdroxyl  group  of  the  C  atom  which  exanriaea  aldehfdio 
frnKtiona  in  the  open  chain  formula  for  dextroae  ia  raplaoed  by  aome  radiole  a 
glDOoaide  reanlta.  8inoe  thia  C  atom  ia  aasymetrio,  two  atereoiaomerio  glaooddea 
(a  and  p)  are  poaaible.  Theee  ahow  atriking  diSerenoea  from  one  another  in  their 
Buaoeptibility  to  ferment  action. 

LftsmloM  (CgHjgOg)  is  found  along  with  dextroae  in  fruits  and  honey 
and  results  from  the  hydi'olyais  of  cane  sugar  (see  Disaccharides).  It 
18  very  rarely  found  in  animal  tissues.  It  is  crystallisable  with  great 
difficulty,  being  usually  obtained  as  a  putty-like  mass.  It  ia  laevo- 
rotfttory  ((a)D=  -93°). 

GftlactoBfl  (CgHjjO,)  is  a  dextro-rotatory  sugar  produced,  along  with 
dextrose,  by  hydrolysing  lactose  (see  Disaccharidea).  Frotagon,  a 
lipoid  substance  io  brain  tissue,  yields  galactose  on  hydrolysis.  Certain 
gums  also  yield  it  on  hydrolysis.  It  differs  but  slightly  from  dextrose 
in  its  reactions.  Its  presence  can  be  detected  by  the  fact  that  when 
oxidised,  as  by  boiling  with  nitric  acid,  it  yields  mucic  acid  (see  p.  378} 
which  fonns  characteristic  crystals. 

ExPBBtHUrr.  Test  for  galaotoee.  Add  3  a.o.  pure  HNO,1oon.)  to  10  o.o.  of  a 
strong  aolntion  of  lactose  in  a  small  evaporating  diah.  Boil  gently  over  a  free 
flame  for  three  minntea,  and  then  gently  lower  the  flame  and  allow  to  evaporate 
till  the  volume  ia  reduced  to  about  3  o.o.  Tranafer  to  a  teat  Cube,  cool  under  the 
tap,  add  2  c.c.  water,  and  allow  to  atand.     CryatalB  of  muoio  acid  separate  ont. 

II.    DiSACCHARIDBS. 

Chemically,  each  molecule  of  a  dieaccharide  consists  of  two  molecules 
of  a  monosaccharide  Jess  one  molecule  of  water, 

2C,H,jO(,  -  H,0  =  C,jHkO,i. 

Their  stmcturo  can  be  demonetrat«d  by  hydrolysing  them,  ie.  by 
causing  them  to  take  up  a  molecule  of  water,  in  consequence  of  which 
they  split  up.  In  disaccharidea  the  two  monosaccharide  molecules  aro 
linked  together  in  the  same  manner  as  glucose  and  the  other  con- 
stituent radicle  in  glucosides. 

The  chief  means  of  hydrolysing  include  boiling  with  dUvte  acid  and 
the  action  of  certain  ferments  called  invertases,  which  are  contained  in 
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the  succus  entericus  and  iti  the  protoplasm  of  many  cells  such  as  the 
yeast  plant  (see  p.  280). 

The  membera  of  this  class  are  cane  sugar,  maltose  and  lactose,  and 
of  these  cane  sugar  does  not  reduce  metallic  oxides  in  alkaline  solution, 
nor  does  it  form  an  osazone,  whereas  lactose  and  maltose  give  both 
these  reactions.  With  yeast  maltose  and  cane  sugar  are  first  hydro- 
lysed,  and  the  monoaacchartdes  thus  produced  then  undergo  alcoholic 
fermentatioti. 

Cane  Sngax  (CioH^jOj,)  is  the  common  sugar  obtained  from  sugar 
cane,  beet  root,  etc.  It  is  very  soluble  in  water  and  haa  a  sweet  taste. 
It  does  not  reduce  metallic  oxides  in  alkaline  solution. 

Experiment  IV.  Pei-form  Trommer's  test  with  some  cane  sugar 
solution.  Notice  that,  although  no  reduction  occurs,  the  cane  sugar, 
like  other  sugars,  is  capable  of  holding  the  cupric  hydroxide  in  solution, 
BO  that  a  clear  blue  colour  is  produced. 

By  hydrolysis,  reducing  sugars  (dextrose  and  laevulose)  are  developed. 

Experiment  V.  Boil  some  cane  sugar  solution  with  a  few  drops 
of  25  %  sulphuric  acid.  Now  neutralise  the  acid  and  apply  Trommer's 
or  Fehling's  test  and  note  that  reduction  occurs.  The  monosaccharides 
developed  are  dextrose  and  laevulose,  the  mixture  being  called  invert 
sugar. 

It  is  often  better  to  employ  an  organic  acid  such  as  citric  acid  to 
produce  the  hydrolysis,  because  the  organic  acid  does  not  hydrolyee 
starch  or  glycogen,  whereas  mineral  acids  do. 

Experiment  VI.  Apply  SeliwanoGTs  test  for  ketose  to  a  solution 
of  cane  sugar  (l-JtperimeMt  IX.  p,  2T8).  The  reaction  is  as  marked  as  for 
laevulose,  owing  to  hydrolysis  of  the  cane  sugar  by  the  hydrochloric 
acid  employed. 

ExHERlMRNT  VII.  Heat  some  cane  sugar  solution  with  strong 
hydrochloric  acid.  Note  the  reddish  colour  developed.  This  reaction 
is  given  by  other  sugars,  but  not  so  readily. 

A  aoltition  of  cane  sugar  is  dextro-rotatory  ((a)D=  +66'54),  but 
after  hydrolysis  it  is  laevo-rolatory,  the  laevo-rotatory  power  of  the 
laevulose  being  sti-onger  than  the  dextro-rotatory  power  of  the  dextrose 
formed.  On  this  account  the  process  of  hydrolysis  is  sometimes  called 
inversion,  and  the  hydrolysing  ferments  in  the  succua  entericua,  etc., 
are  often  called  invortases. 

ExPBEiMEST.  Examine  a  ten  per  cent,  flolution  of  eane  eugar  with  the  polari- 
Boopo.  Not«  the  rotation  Bnd  calculate  (a)D.  Place  exactly  50  o.a.  of  a  twenty 
per  cent,  eolution  oE  cane  sugar  in  a  100  c.c.  measuring  flask ;  add  1  gr.  oitric  acid 
and  tioil  over  wire  gauxe  for  five  miiiiitea.  Gout,  noutraliae  with  NaOH  aolutiun, 
and  fill  with  distilled  water  to  the  lOO  c.c.  mark.  Examine  this  solution  with 
the  poUriBOope  and  calculnto  (a)D. 
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LftctOM  (C,jH^Oj,)  ie  the  sugar  found  in  milk,  and  it  has  been 
detected  in  the  urine  of  nursing  mothers. 

It  is  not  very  soluble  in  water,  and  ia  quite  insoluble  in  alcohol  and 
ether.  It  has  only  a  slightly  sweet  taste.  It  does  not  ferment  with 
yeast  in  24  hours,  but  it  undergoes  a  special  fermentation  with  the 
bacillus  acidi  lactici  which  develops  in  sour  milk.  This  fermentation 
results  in  the  production  of  lactic  acid. 

OH. 
C„H„Oi,  +  H,0  =.  4CH,  -  Ch/ 

COOH. 
I^uitose.  lAotio  acid. 

By  hydrolysis  it  yields  dextrose  and  galactose.  It  reduces  metallic 
oxides  in  alkaline  solution.  It  is  dextro-rotatory  ((a)D=<62'5).  By 
oxidation  with  nitric  acid  it  yields  mucic  acid  (cf.  p.  27S). 

Maltose  (CijHjjOj,)  is  important  physiologically  because  it  is  the 
sugar  produced  from  starch  by  the  action  of  ptyalin  (the  ferment  of 
the  saliva),  of  amylopsin  (a  ferment  in  the  pancreatic  juice)  and  of 
glycogenase  (a  ferment  in  the  liver,  blood  serum,  etc.).  Maltose  is 
therefore  mainly  an  intermediary  substance  in  the  animal  body. 

Maltose  is  also  produced  by  the  action  of  malt  diastase,  which  is 
obtained  by  moistening  barley  and  allowing  it  to  germinate  in  heaps  at 
a  constant  temperature.  The  diastase  acts  on  the  starch  of  the  grain 
and  produces  maltose  The  product  when  dried  is  called  mati.  When 
malt  is  dissolved  in  water,  and  the  yeast  plant  allowed  to  grow  on  the 
solution,  malted  liquors,  such  as  beer  and  ale,  are  obtained.  In  this 
process  the  maltose  is  first  of  all  inverted  into  two  molecules  of 
dextrose  by  the  invertase  contained  in  the  yeast,  and  tKe  dextrose  then 
undergoes  alcoholic  fermentation. 

It  reduces  metallic  oxides  in  alkaline  solution,  but  is  feebler  in  this 
regard  than  dextrose.  It  rotates  the  plane  of  polarised  light  more 
strongly  than  dextrose  ((a)D=  +137  04^),  After  hydrolysis,  therefore, 
the  reducing  power  shows  an  increase  and  the  rotatory  power  a 
decrease. 

ExPERiUKNT  VIII.— Boil  lactose  or  maltose  solution  with  Barfoed's 
reagent  (Experiment  VI.  p.  275.)  There  is  no  reduction.  This  reagent 
is  not  reduced  by  disaccharides. 

IsomaltOBe.— This  sugar  is  closely  related  to  maltose,  differing  from  it  in  the 
fact  that  its  oaazuQe  melta  at  a  muoh  lower  temperature,  158°  C.  It  has  been 
prepared  by  pure  oheniioal  synthesis — e.g.  Che  condensation  of  dextrose  by  strong 
acids.  It  is  of  special  interest  beoauee  it  is  probably  the  sugar  produced  oa  a. 
result  of  the  reversible  ootion  of  maltase. 
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CHAPTER  IIL 

CARBOHYDRATES— CoNTtKcED. 

III.     POLYSACCHARrDES. 

A  POLYSACCHARIDE  is  the  coiidenBfttioD  product  of  more  than  two 
monoeaccharide  molecules,  and  has  accordingly  the  general  formula, 
tCjHjoOs),,  where  n  stands  for  a  variable  number.'  Polysaccharides  can 
be  hydrolysed,  in  which  process  they  yield,  first  of  all,  polysaccharides 
(dextrines)  of  lower  molecular  weight  (i.e.  with  n  of  less  value),  then 
disaccharides  and,  finally,  monosaccharides. 

Thus,  when  acted  on  by  diastatic  ferments,  dextrines  (polysacchar- 
ides of  lower  molecular  weight)  and  maltose  (disaccharide)  are  formed. 
Wben  boiled  with  aci<l,  on  the  other  hand,  the  hydrolytic  cleavage 
goes  further  and,  although  dextrine  and  maltose  occur  as  intermediary 
products,  yet  the  final  product  is  monosaccharide. 

The  most  important  members  of  this  gi-oup  are  the  starchea,  the 
dextrines,  glycogen,  the  celluloses,  and  the  gums.  They  are  very 
widely  distributed  in  vegetables,  and  constitute  a  most  important  class 
of  food -s tufts. 

Oeiteral  Characters.  They  do  not  form  crystals,  nor,  with  few 
exceptions,  are  they  soluble  in  cold  wat«r.  Few  possess  any  aweet 
taste.  As  a  rule  they  do  not  difi'use  through  parchment  and  are 
therefore  colloids.  Their  solutions  arc  optically  active.  They  do  not 
reduce  metallic  oxides  in  alkaline  solution,  they  do  not  form  osazones 
and  they  cannot  be  fermented  with  yeast.  Like  other  colloids,  they 
are  precipitated  when  their  solutions  are  satui'ated  with  certain  neutral 
salts,  such  as  ammonium  sulphate.  They  may  be  sub-divided  into 
three  sub-groups,  the  starches,  the  dextrines  and  the  celluloses. 

1.  The  Starches.  These  include  ordinary  starch  and  glycogen 
(CgHjuOj),.  Starch  is  the  most  widely  distributed  carbohydrate  in 
the  vegetable  kingdom,  for  it  is  in  this  form  that  plants  store  up 
their  excess  of  carbohydrate.  Animals  store  their  excess  of  carbo- 
hydrate partly  as  glycogen,  but  mainly  as  fat.  If  the  amount  of 
dextrose  produced  in  the  leaves  be  in  excess  of  the  present  needs 
of  the  plant,  it  is  stored  up  as  starch.  These  starch  grains  may  be 
seen  in  various  parts  of  the  plant.  They  show,  under  the  microscope, 
concentric  markings.     In  its  minute  structure  the  starch  granule  is 

'  It  is  iinpoaaible  to  give  n  dcfinit«  value  to  »  because  the  molecular  weight  is 
unknown.  The  symbol  n  signifies  that  the  fornmla  within  the  braaketa  ie  to  be 
multipU^  an  itidelinit«  number  of  times. 
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thought  to  be  composed  of  &  fine  interlacement  of  acicular  crystals, 
the  density  of  the  interlacement  varying  in  different  portions  of  the 
granule,  bo  as  to  give  the  appearance  of  concentric  markinge.  The 
outaide  of  the  granule  has  densely  packed  crystals,  so  that  ferments 
slowly  attack  it  By  boiling,  the  crystals  absorb  water  and  swell 
up,  so  that,  after  cooling,  ferments  more  readily  penetrate  and  digeet 
the  granule. 

The  exact  shape  of  starch  grains  varies  according  to  the  plant  from 
which  they  are  obtained.  In  this  connection  they  may  be  divided 
into  two  groups:  (1)  a  group  in  which  the  contour  of  the  grains  is 
even,  such  as  wheat,  barley,  airowroot,  potato ;  (2)  a  group  in  which 
the  contour  is  marked  by  facets,  either  completely,  as  in  oats  and 
rice,  or  only  partially,  as  in  tapioca  and  sago. 

EXPERIHINT  I.  Examine  some  wheat  flour,  a  scraping  of  potato, 
and  some  ground  rice  under  the  microscope.  To  do  this,  mix 
the  flour,  etc.,  with  a  drop  of  water  on  a  slide,  and  examine  under 
a  cover  slip. 

Starch,  like  most  other  polysaccharides,  is  insoluble  in  cold  water, 
but  it  swells  up  in  hot  water,  an  opalescent  mixture  being  formed. 
This  is  not  a  true  solution,  for  it  does  not  depress  the  freezing  point 
of  water  {e.g.  has  no  osmotic  pressure,  etc.).  It  is  a  colloidal  solution. 
Starch  does  not  pass  through  a  dialyser. 

ExPBRIUBNT  II.  Place  some  powdered  starch  in  a  test  tube,  and 
half  fill  up  with  cold  water— no  solution  occurs — now  boil,  when  an 
opalescent  mixture  will  be  produced,  and,  if  of  sufficient  concentration, 
this  will  gelatinise  on  cooling.  Try  Trommer's  test — no  reduction 
occurs. 

The  standard  test  for  starch  is  with  iodine  solution. 

Experiment  III.  To  an  opalescent  cold  solution  of  starch  add  a 
drop  or  two  of  a  very  dilute  solution  of  iodine  in  potasuum  iodide : 
a  blue  colour  results,  which  disappears  on  gradual  heating  and  returns 
again  on  cooling.  Excessive  heat  must  be  avoided,  since  the  iodine 
is  volatile. 

Starch  granules  also  give  this  reaction  under  the  microscope.  The 
cut  surface  of  a  potato  gives  it 

Hydrolysis  can  be  effected  by  boiling  with  a  weak  acid  or  by  the 
action  of  ferments  such  as  ptyalin,  amylopein,  and  malt  diastase. 

Experiment  rV.  Place  some  starch  solution  in  a  flask,  add  to  it  a 
few  drops  of  26  %  sulphuric  acid  and  boil  for  about  a  quarter  of  an 
hour.  Neutralise  and  apply  the  iodine  test  and  note  that,  instead  of 
a  blue,  a  reddish  brown  colour  is  produced  (due  to  dextrine).  Apply 
Trommer's  or  Fehling's  test,  and  note  that  reduction  occurs. 
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ExFSBlMBNT  V.  PUce  Bome  of  the  stArch  solutioD  in  the  mouth, 
and  after  a  minute  or  so  transfer  it  again  to  the  test  tube ;  now  apply 
Trammer's  or  Fehling's  test — reduction  occurs. 

Try  the  same  exjieriment  with  some  unboiled  starch,  and  note  that, 
with  Trommer's  test,  there  is  no  reduction  {i.e.  the  resistant  external 
layers  have  not  been  hydrolysed). 

The  sugar  produced  by  hydrolysing  with  an  acid  is  dextrose,  whereas 
that  produced  by  ferment  action  is  maltose. 

Olycofeii  (CgHigOg)..  Just  as  plants  store  up  ezoeas  of  carbo- 
hydrate in  the  fonn  of  starch,  so  do  animals  store  it  partly  in  the 
iona  of  glycogen.  The  chief  seats  of  this  storage  are  the  liver  and 
muscles.  Glycogen  forms  a  non-crystalline,  white  powder,  the  particles 
of  which  have  no  characteristic  appearance  under  the  microscope.  It 
is  soluble  in  water  and  the  solution  is  opalescent.  Solutions  of  glyco- 
gen are  dextro-rotatory. 

ExraniMBNT  VI.  A  simple  method  for  the  preparation  of  glycogen 
is  that  introduced  by  Frankel.  It  consists  in  grinding  up  fresh 
liver  or  the  common  shell-fish,  mussel,  in  a  mortar  with  about  three 
times  its  volume  of  a  3  %  solution  of  tri-chloracetic  acid.  This  re- 
agent coagulates  the  proteins  The  glycogen  is  contained  in  the 
extract,  and  can  be  precipitated  by  alcohol.'  After  collecting  on  a 
filter  dissolve  some  of  the  glycogen  in  water  and  notice  that  the 
solution  is  opalescent.  Add  to  this  a  drop  or  two  of  iodine  solution : 
a  port-wine  colour  results,  which  disappears  on  heating,  and  returns 
on  cooling. 

Experiment  VII.  Place  5  c.c  of  glycogen  solution  in  a  test  tube 
and  add  ordinary  alcohol  carefully  until  a  precipitate  forms.  Note 
approximately  how  much  alcohol  requires  to  be  added  to  obtain  this 
(about  55  %). 

Experiment  VIII.  Try  Trommer's  teat  with  the  glycogen  solution ; 
no  reduction  occurs,  but  the  Cu(OH)j  is  held  in  solution. 

ExPKRiMENT  IX.  To  some  of  the  solution  add  a  few  drops  of 
25  %  UjSOf  and  boil  for  about  ten  minutes ;  dextrose  is  produced, 
as  can  be  shown  by  applying  one  of  the  reduction  tests. 

Experiment  X.  Mix  some  glycogen  solution  with  saliva  and 
place  tho  test  tube  in  water  at  body  temperature.  After  about  ten 
minutes  apply  one  of  the  reduction  tests.  It  will  be  found  that  a 
reducing  sugar  has  been  produced. 

The  Deztrines  (CgH,oOJ..  During  the  hydrolysis  of  starch  and 
glycogen  dextnnes  ore  fonned  as  an  intermediate  product.    British 

'  Where  not  otherwiga  specified  in  these  experiments,  aloohol  r«fera  tc  the 
oommeroial  product  oootuning  from  92-96  %  pure  alooboL 
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gum  IB  dextrine  produced  by  heating  atarch  to  200*  C.  This  anb- 
Btance  is  much  employed  u  the  adhesive  substance  on  eCampe  and 
envelopes.  There  are  several  varietiea  of  dextrine,  varying  from  one 
another  in  molecular  weight.  The  highest  dextrine  is  called  amylo- 
dextrine,  the  next  erythrodeztrine,  then  acbroddeztrine. 

Dextrine  is  an  amorphous  powder,  soluble  in  cold  water,  and  forming 
a  cltar  solution  with  which  the  following  reactiooe  can  be  obtained : 

Experiment  XI.  Add  some  iodine  solution ;  a  brownish  red 
colour,  like  that  obtained  with  glycogen,  resulta,  which  disappears  on 
heating  and  returns  on  cooting.  It  is  only  one  form  of  dextrine — 
erythrodextrine — which  gives  the  reaction;  achroodeztrine  gives  no 
reaction  with  iodine.  The  bluish  tint  sometimes  obtained  is  due  to 
the  presence  of  starch. 

ExPsaiHENT  XII.  Try  Trommer's  test :  no  reduction  is  obtained, 
but  Cu(OH),  is  held  in  solution. 

Experiment  XIII.  Hydrolyse  some  dextrine  solution  and  then  apply 
Trommer's  test:  reduction  occurs. 

The  QnantitatiTe  Eitimation  of  Olrcogon  in  Animal  Tismei. 

The  importanoa  of  a  npid  and  accurate  determination  of  tho  amoont  of 
glycogen  in  animal  tiuuat  ha*  l«d  to  the  publication  of  many  differant 
methods.  To  within  a  few  yean  ago,  however,  none  of  thew  has  been  of 
niffioient  aconnwy,  the  difficulty  being  to  separate  the  glyoogeu  from  pratein 
without  losing  any  of  the  glycogen.  It  is  to  Fdnger  that  we  owe  a  method 
which  is  unqueationably  far  superior  to  any  of  its  predecessors.  This  UMthod 
depends  on  two  facts  :  firstly,  that  glyoogeu  U  Dot  affected  by  heating  it  on 
a  water  bath  with  thirty  per  oent.  potassium  hydroxide  aolntion,  wliereaa 
protein  under  such  conditions  is  destroyed ;  and  secondly,  that  by  the  addition 
of  an  equal  volume  of  water  to  the  above  solution  (which  will  bring  th« 
percentage  of  potassium  hydroxide  to  fifteen)  and  the  labteqnent  addition  of 
two  volumes  of  alcohol  (96%)  all  the  glycogen  is  precipitated,  whereaa  practi- 
cally all  of  the  degradation  products  of  protein  remain  in  solntioD.  The 
method  is  as  follows '  : 

The  liver  is  cut  into  small  pieces  and  mixed  in  an  Elrlenmeyer  flatk 
(Bohemian  glass)  with  100  c.o.  S0%  KOH.* 

1  The  following  description  is  for  100  gr.  liver,  but  much  less  than  Uiia 
amount  is  suffident  for  moat  purpoaes.  Thus,  in  the  case  of  a  dog,  fed  on  the 
previous  day  with  bread  and  meat,  20  gr.  liver  is  a  suitable  amount,  and  in 
the  case  of  a  rabbit  fed  with  carrots  or  other  carbohydrate- rich  food,  10  gr.  is 
BufBcient.  In  the  case  of  moacle,  it  is  best  to  take  100  gr.,  as  the  percentage  of 
glycogen  in  this  tisane  is  practically  never  more  than  one. 

*  Pflnger  specifies  '  Merck  A '  KOH,  bnt  for  moet  porposea  '  KOH  pnre  by 
alcohol '  is  of  sufliciMit  purity.  The  itrength  is  best  adjusted  by  the  use  of  a 
hydrometer  (alkaliroeter),  the  specific  gravity  of  snch  a  solntion  being  1-438  at 
16°  C.  or  4i  on  the  Baumj  scale. 
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The  flask  ii  clewed  with  a  cork,  having  a  wide  glass  tube  aboul  five  feet  long 
pMsing  through  it  to  serve  ns  a  reflux  condenBcr,  and  it  je  then  immtraed  in 
a  boiling  water  hath  and  left  there  for  three  hours,  with  occawonal  shaking. 
{hesB  time  than  this  aufficcB  to  completely  destroy  the  protein  of  liver.)  On 
removal  from  the  water  bath,  the  contents  of  the  Hask  are  allowed  to  cool, 
and  are  then  thoroughly  shaken,  with  200  c.c.  water  (thus  bringing  the 
percentage  of  KOH  to  fifteen).  BOO  c.c.  of  ordinary  (96%)  alcohol  are  then 
added  to  the  solution,  the  mixture  shaken  and  allowed  to  stand  for  several 
hours  (preferably  overnight). 

The  more  or  less  white  precipitate  of  glycogen  will  by  this  time  have  settled 
down,  so  that  the  supernatant  reddish  fluid  can  with  care  be  poured  ofl  into  s 
beaker,  after  which  it  is  filtered  through  a  filter  paper  of  suitable  siw,  so  as 
to  collect  on  the  filter  any  particles  of  glycogen  which  the  decant*d  fluid  may 
contain.  The  precipital*  of  glycogen  is  now  thoroughly  shaken  with  abont 
ten  times  its  volume  of  66%  alcohol  (about  700  c.c.  alcohol  and  300  c.c.  water) 
per  litre  of  a  saturated  solution  of  NaCl.  This  washing  fluid 
many  of  the  impurities  which  adhere  to  the  glycogen. 

After  settling,  the  wash  fluid  is  decanted  into  the  same  beaker  as  was 
employed  tor  receiving  the  original  supernatant  fluid,  and  littered  through  the 
same  filter.  This  process  is  repeated  at  least  once  again,  after  which  the 
precipitate  is  shaken  with  ordinary  alcohol  (about  10  times  its  volume),  and 
the  suspension  thrown  on  to  the  same  filter  paper  as  used  above. 

When  the  alcohol  has  all  drained  off,  the  precipitate  is  washed  on  the  filter 
paper  with  ether.  All  the  washed  glycogen  has  thus  been  collected  on  the 
filter  paper  and  must  now  be  dissolved,  tor  which  purpose  the  filter  is  filled  up 
with  boiling  water,  and  the  solution  of  glycogen  allowed  to  filter  through  into 
A  clean  Erlenmeyer  flask.  When  the  first  added  water  has  completely  drained 
through  the  filter,  the  filter  is  filled  up  with  boiling  water  a  second  and  a 
third  time.  It  is  essential  to  allow  the  fl1t«r  to  drain  completely  before  adding 
more  water.  To  be  certain  that  all  the  glycogen  has  been  dissolved,  some  of 
the  final  filtrate  should  be  tested  with  alcohol  for  glycogen. 

The  resulting  opalescent  solution  can  now  be  employed  either  for  the 
preparation  of  pure  glycogen  or  for  its  quantitative  estimation.  For  the 
former  purpose  the  glycogen  is  precipitated  by  alcohol ;  for  the  latter  purpose 
the  glycogen  solution  is  made  up  to  a  litre  in  volume,  and  of  this  200  c.c.  are 
taken,  miied  with  10  c.c.  HCl  (cone.)  (i.e.  S  c.c.  HCl  to  a  100  c.c.  of  glycogen 
•olution),  and  heated  in  a  flask  on  the  water  bath  for  three  hours.*  Complete 
hydrolysis  of  the  glycogen  is  certain  within  this  time,  although  the  resulting 
solution  often  contains  a  fiocculent  precipitate  which  is  probably  of  some 
protein  body.  The  solution,  after  cooling,  is  neutralised  with  W%  KOH  and 
filtered  into  a  250  c.c.  measuring  flask  through  a  small  filter  (10  cm.)  paper. 

The  flask  used  for  in\-erBion  is  rinsed  three  times  with  distilled  water,  the 
washings  being  each  time  poured  on  to  the  filter  and  added  to  the  contents  of 
the  measuring  flask.  In  this  way  the  volume  of  the  dextrose  solution  is 
brought  exactly  to  250  c.c. 

Where  only   10  or  20   gr.   of   liver   were   originally   employed,   the   above 

easurements  must  of  course  be  altered,  it  being  usually  beat  to  take  all  of 

'  If  the  glycogen  b«  repreoi  pita  ted  and  redissolved  in  a  knoun  volume  of  water 
the  resulting  solution  can  ba  examined  in  the  poUrimeter  and  ita  glycogen  oon- 
tent  caloulated  acoording  to  the  formula  on  p.  284.     {a)  D=  196-63. 
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the  gljrcogen  (olotion  for  invonion  Mid  bring  it  to  •  definite  volume  «fter 
neutralising. 

For  the  estimation  of  the  dextroae  formed  Pflager  nie*  &  tpeciAl  gnvimetric 
method  [lei  Dictionnaire  de  phy«iologie,  pai  C.  Hichet,  t.  vii.],  but  Bang's 
method,  described  in  the  following  section,  is  of  sufficient  accnracj  for  moet 
purpoBSB. 

QoftntiUtlTC  EstiButtloii  of  Sngan. 

All  the  methods  emplojred  for  this  purpose  consist  in  determining  the 
redaction  brought  about  by  a  measured  amount  of  sugar  solution  in  a  known 
alkaline  solution  of  cupric  salts.     They  may  be  divided  into  two  classes  : 

(i)  Methods  in  which  sugar  solution  u  added  to  a  measured  volume  of  the 
cupric  salt  employed,  imtil  the  reduction  to  cuprous  salt  or  oxide  is  complete. 
To  tltis  class  belong  the  methods  of  Fehling,  Pavy  and  Gerrard,  which  are 
described  in  Chapter  XX.  For  the  estimation  of  sugar  in  urine  they  ace  usually 
of  sufficient  aoouraoy,  and  are  widely  employed  for  this  purpoee.  Their  great 
advaotage  is  simplioity. 

(ii)  Methods  in  which  excess  of  cupric  salt  is  employed.  In  Pflnger'a 
method  the  precipitated  cuprous  oiide  is  weighed.  In  Bang's  meUiod  the 
excess  of  cupric  salt  is  determined  by  titration.  In  both  these  methods  it  is 
possible  to  keep  the  conditions  of  different  titrations  exactly  similar  except  as 
to  the  excess  of  cupric  salt  employed,  which  will  naturally  depend  on  the 
amount  of  cupric  salt  reduced  by  the  sugar  in  the  determination.  Now  it  is 
found  that  the  larger  the  excess  of  cupric  salt  present  the  greater  is  the 
reduction  caused  by  a  given  amount  of  sugar.  The  reduction  is  therefore  not 
proportional  to  the  amount  of  sugar  employed  in  the  determination,  and  it  is 
necessary  to  construct  a  table,  representing  the  amount  of  reduction  caused  by 
different  known  amounts  of  sugar,  from  which  the  results  of  any  given 
determination  can  be  calculated.  These  methods  are  more  accurate  than 
those  of  the  first  class. 

BxpERiuiHT.    Banc's  Method. 

Principlt. — In  the  presence  of  carbonates  and  sulphocyanides  cuprous  oxide 
forms  cuprous  sulphocyanide,  which  becomes  dissolved  to  form  a  colourless 
solution  in  the  presence  of  excess  of  potassium  sulphocyanide.  A  solution  of 
cupric  carbonates  containing  potassium  sulphocyanide  is  boiled  for  exactly 
three  minutes  with  on  amount  of  the  sugar  solution,  which  is  insufficient  to 
reduce  all  the  cupric  salt ;  after  rapidly  cooling,  the  amount  of  cupric  salt 
which  has  not  been  reduced  by  the  sugar  is  then  determined  by  titration  in 
the  cold  with  a  standard  solution  of  hydroiylamin  {sulphate).  This,  like  sugar, 
reduces  cupric  salts  to  the  ouprous  state  to  form,  aa  above  explained,  a 
colourless  solution.  The  hydroiylamin  solution  must  not  be  run  in  too  quickly, 
else  a  precipitate  forma  and  the  resolts  are  vitiated.  Shake  sufficiently  to 
prevent  the  precipitate  fonaiug.  At  least  30  seconds  should  be  taken  in 
titrating.  The  hydroxylamin  solution  is  of  such  a  strength  that  I  c.o.  of  it 
exactly  decolourises  1  c.c.  of  the  copper  solution.  From  the  amount  of 
hydroxylamin  solution  required  to  reach  the  decolourisation  point,  the  sugar 
content  is  obtained  by  using  tables  which  have  been  constructed  for  this 
purpose. 
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Preparaliou  of  Solutioua.  SoliUiim  /.~12-5  gr.  CuSO,  (purified  m  directed  in 
footnote')  are  dissolved  by  heat  in  75  o.c.  wal«r  and  the  solution  cooled  to  25'  C. 
In  a  large  poreelain  basin  2501)  gr.  potASBium  carbonate,  200*0  gr.  potoitsium 
Hulphocyanide  and  600  gr.  potoMium  bieaibonate  are  disiolved  by  stirring  in 
600  c.c.  water.  During  the  process  of  solntion  of  theie  salts  the  tflmperature 
at  SrBt  rises  and  then  falls.  IE  the  potassium  bicarbuoate  does  not  become 
dissolved  the  baain  must  be  placed  on  a  water  bath  and  the  temperature 
raiBcd  to  40°  C.  (but  no  higher}.  The  solution  is  then  cooled  to  15°  C.  ajid  the 
copper  solution  mixed  with  it  in  small  quantities  at  a  time  with  frequent 
■haldng,  so  as  to  prevent  any  large  amount  of  precipitate  forming.  The 
solution  is  then  made  up  to  1  litre  in  volume. 

Solution  II. — 6-55  gr.  hydroitylamin  sulphate  or  6*56  gr.  hydroxylamiu  ohloride' 
is  dissolved  in  water  and  the  solution  added  to  one  of  '200  gr.  potaasiutll  sulpho- 
cyanide  in  1500  c.o.  water.     The  volume  is  then  brought  up  at  ^2000  cc. 

Tilration.—Tiie  amount  of  sugar  added  must  be  less  than  0-06  gr.  (to  which 
limit  the  table  has  been  oonstructed).  If,  therefore,  the  solution  to  lie  eiumined 
contain  less  than  0-6  per  cent.,  10  c.c.  of  it  are  taken  for  the  estimation ;  if  it 
contain  more,  then  such  a  number  of  c.c.  must  be  taken  as  will  yield  a  total 
amount  less  than  O'OG  gr.  In  all  coses  the  sugar  solution  must  be  made  up  to 
10  o.o.> 

Mix  the  10  c.c.  sugar  solution  with  50  c.c.  of  the  copper  solution  in  an 
Erienmeyer  flask.  Place  on  wire  gauze  over  a  Bunsen  burner  and  bring  to  the 
boil.  Maintain  the  boiling  for  exactly  three  minutes.  Cool  the  solution 
quickly  by  holding  the  flask  under  the  cold  water  tap.  Place  under  a  burette 
containing  the  hydroxylamin  solution,  and  add  this,  nith  constant  shaking 
of  the  flask  until  the  blue  colour  is  just  discharged. 

The  weight  of  dextrose  corresponding  to  the  amount  of  hydroxylamin 
solution  used  ia  then  read  off  on  the  following  table.     {See  p.  205.} 

Pentoses. 

Besides  the  hexoaes,  animal  tisaues  ulao  contain  small  amounts  of  pentosM, 
that  is,  sugars  containing  five  carbon  atoms,  C^,gO,.  Being  aldehydic  in  nature, 
they  posBess  reducing  powers  aod  form  OHOz^ne  crystals.  They  do  not  ferment 
with  pure  yeast,  but  they  all  rotate  the  plane  of  polarised  light.  In  the  animal 
tissues  pentoses  do  not  exist  in  a  free  state,  being,  as  far  us  is  known,  bound 
to  guanylio  aeid  {sec  p.  310).     They  are  very  plentiful  in  plants,  where  they 

'  Filter  a  hot  saturated  solution  of  copper  sulphate  into  a  large  evaporating 
dish,  and  after  covering  with  a  sheet  of  filtered  paper  allow  to  stand  for  some 
hours.  Collect  the  orysUllB  which  separate  out  on  a  fitter,  and  after  all  the  mother 
liijuor  has  drained,  open  up  the  filter  and  spread  out  the  crj'stals  between  several 
folds  of  filter  paper.  Press  then  between  the  folds  of  filter  paper,  removing  them 
to  fresh  paper,  nntil  perfectly  dry.  This  is  ascertained  by  placing  a  glass  rod  on 
the  crystals  and  then  tapping  it.     If  dry  no  crystals  will  stick  to  the  rod. 

■The  sulphate  is  recommended  by  Bang,  but  we  have  found  the  cblorida 
quite  as  suitable. 

'Where  there  is  no  previous  knowledge  as  to  tha  strength  of  the  sugar 
solution  a  preliminary  titration  should  be  made  by  boiling  10  c.c.  of  the 
solution  with  50  cc.  of  the  copper  solution  (or  three  minntes.  If  the  bin* 
colour  disappears,  repeat  with  5  c.c,  and  so  on  nntil  the  amount  ii 
which  does  not  discharge  the  blue. 
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36-40 
So '40 

11 
12 
13 

'24-20 
23-40 

22-80 

25 
26 

27 

13  05 
12-30 
11-60 

40 
41 

4-20 
3  60 
3-05 

53 
54 
55 

34-40 

14 

21-75 

28 

10-90 

42 

2-80 

66 

33 '40 

15 

21-00 

28 

10-30 

43 

215 

57 

32-45 

16 

20-15 

30 

9-50 

44 

1-65 

58 

3130 
30M 

17 
18 

19-35 
18-55 

31 

8-80 
8-20 

45 
46 

1-20 
0-75 

59 
60 

exist  as  polysacchnridei  called  paUotantn.  Tbua,  in  gum  antbio  there  is  & 
peDtosane  which  yields  f-araliinose  wben  hydntlysed  by  hoaiting  with  mineral 
acid,  and  in  wood  or  bran  another  pentouine  yields  ^xylose  on  similar  treatment, 
which  in  the  variety  of  pentose  present  in  the  nucleic  acid  of  animal  oella. 
Pentose  someliaica  occurs  in  the  urine — the  condition  being  called  penUwurio — 
the  variety  being  raceinic  arabinose  (inactive  optically).  From  what  sounie  this 
is  derived  is  diffionlt  to  determine,  for  it  ia  independent  of  the  pentoses  in  the 
fo<N],  and  its  structure  is  different  from  that  found  present  in  the  tissues.  It  is 
mostly  combined  with  urea. 

ExriiKlHENT.  Hydrolyse  gum  arabio  by  heating  a  solution  of  it  in  a  water 
bath  for  twenty  minutes  with  5%  HCl.  Arahinoso  ia  formed.  After  neutralising, 
apply  reduction  and  yeast  fermentation  tests  Ui  portions  of  the  solution.  To 
another  portion  apply  the  Following  characteristic  test  For  pentoses  (ToUsns). 
Add  phloroglncin  (C^,|OH),)  in  small  qoantities  at  a  time  till  no  more  disacdvea 
to  a  solution  of  about  5  c.c.  of  equal  parts  of  concentrated  HCl.  and  water.  Then 
add  a  few  drops  of  the  arabinose  scilution  and  warm  until  a  red  colour  develops. 
Examine  with  the  direct  vision  spectroscope  when  an  absorption  Wnd  will  be 
■con  between  D.  and  E.  lines.  By  fnrther  heating,  a  precipitate  forms  which 
becomes  dissolved  in  amy]  alcohol  when  this  is  shaken  with  the  solution.  The 
urnyl  alooholio  solution  shows  the  above  spectrum  very  clearly.  Tollens'  test  can 
be  applied  to  urine.     Repeat  this  test,  using  dextrose  solution, 

Expbr:me»t.  Heat  al>oat  5  o.o.  of  Bial's  reagent  (500  c.c.  HO.,  sp.  gr. 
1'I51,  1  grm.  orainol,  '25  drops  10  %  ferric  chloride  solution)  to  boiling  in  a  test 
tube,  and  run  in  not  more  than  1  c.c.  of  the  pentose- containing  solution,  and 
again  heat  just  to  boiling  point.  A  gneuish-blue  colour  rapidly  develops.  This 
colour  can  ho  extracted  with  amyl  alcohol,  when  it  shows  an  absorption  band  in 
the  red. 

Repeat  this  teat,  using  a  dilute  solution  of  dextrose  instead  of  pentose,  when 
droctically  no  colour  change  will  occur. 
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PHYSIOLOGICAL  CHEMISTRY 


CHAPTER    IV. 
THE  PROTEINS. 


This  group  of  bodies,  aa  their  name  signifies  (protoa  ~  first)  are  bodies 
of  great  importance.  They  occur  in  all  animal  and  vegetable  cells ; 
indeed  they  are  intimately  connected  with  the  life  of  the  cell.  Without 
thorn  as  food-stuffs  animal  cells  cannot  live.  At  present,  too,  they  are 
bodies  of  purely  biological  origin,  no  effort  to  make  them  in  the 
laboratory  having  as  yet  been  successful.  Moat  of  the  members  of  the 
group  are  amorphous  bodies  of  high  molecular  weight.  The  molecule 
is  made  up  of  the  elements  carbon,  hydrogen,  nitrogen,  oxygen,  and 
sulphur.  The  amounts  of  the  elements  vary  considerably  in  different 
proteins,  as  can  be  seen  from  the  following  table : — 


Prololn. 

C. 

H. 

K. 

0, 

Fibriuogon, 

3293 

6-90 

16-66 

22-2fi 

Semni  albumin, 

52-08 

7-10 

15-93 

21-96 

Serum  globulin, 

52-71 

7-01 

13-83 

23*2 

Keratin,     - 

50-65 

6-36 

1714 

20-85 

Elastin,      ■ 

5+-32 

6-99 

10  7S 

2I-94 

(ielatin,      ■ 

49-S3 

6-80 

17-97 

231^ 

The  nitrogen  and  the  sulphur  are  nauulSy  contained  in  two  forms, 
loosely  combined  and  firmly  combined.  The  loosely  combined  portions 
can  be  split  off  from  the  molecule  by  boiling  with  a  caustic  alkali 
(caustic  soda,  caustic  potash,  or  soda  time). 

Al!  proteins  when  heated  alone  give  a  smell  of  burnt  feathers,  due  to 
the  evolution  of  ammonia,  pyridine,  etc. 

Experiment  I.  Evaporate  to  dryness  some  of  the  protein  solution 
provided.  Heat  strongly.  Notice  the  charring  and  smell  of  burnt 
feathers. 

Experiment  II.  The  loosely  combined  Nitrogen. — To  about  five 
c.c.  of  diluted  egg-white  add  a  few  drops  of  20  %  caustic  soda ;  warm 
slowly,  and  hold  a  piece  of  moistened  red  litmus  paper  over  the  mouth 
of  the  teat  tube.  The  litmus  turns  blue,  showing  that  ammonia  gas  is 
being  evolved.  The  ammonia  may  also  be  detected  by  its  smell,  or  by 
holding  the  stopper  of  the  concentrated  hydi-ochloric  acid  bottle  o^'er 
the  month  of  the  test  tube  when  fumes  of  ammonium  chloride  are 
formed. 

Experiment  III.  The  looaelr  combined  Sulphnr  (lead  sulphide 
test). — To  about  five  c.c.  of  20  %  caustic  soda  add  two  drops  of  lead 
acetate  solution  and  some  solution  of  egg-white.  Boil.  A  brown  to 
black  colour  is  developed,  due  to  the  lead  sulphide  which  is  formed. 

m  V 
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Keoent  reMAroh  h»»  abown   that  nitrogen  may  be  deteoMd  id   the  protein 
Bkoleoule  after  complete  hydralymi  with  30  %  nilphuric  Mid  m  ;— 

(1)  Amide  or  Ammtmia  Nilrogtn.     ThiB  is  the   looaelf  oombined   nitrogen 
mentioned  above. 

(2)  Diamino  Nitrogen,  precipitated  by  ph<japhDtungitJi)  acid  after  the  amide  N 
hM  been  removed. 

(3)  Monamitu)  Nitrogen  aatimated  in  the  raddanm  when  the  above  two  have 
been  removed. 


fthiameaiuthediflerenoe 

in  oompomtii 

m  of  protein!  is  farther  1 

Mtnightont:- 

ToUlN. 

Amide  H. 

ia-62 

1-61 

3-49 

10-31 

Edeatin  (from  hemp),    - 

18-6* 

1-88 

5-91 

10-78 

Gliadin  (from  wheat),   . 

17-66 

4-20 

■98 

12-41 

Qlntenm  (from  wheat), 

17-49 

8-30 

2-00 

11-9S 

Zein  (from  maize). 

16-13 

i-m 

-49 

12-« 

(T.  R  Osborne.) 

The  complex  constitution  has  been  studied  recently  in  two  waya — 
(1)  by  working  out  the  produnte  of  hydrolysis  (breaking  down)  of  the 
different  proteins;  (2)  by  endeavouring  to  link  together  aimple  cleavage 
producte,  and  thereby  produce  some  form  of  protein.  Aa  the  result  of 
the  first  method  of  procedure,  we  now  know  that  the  proteins  of  the 
various  parte  of  the  body  differ  greatly  in  composition ;  for  example, 
the  protein  of  the  spleen  is  different  from  that  of  the  thymus  or  of  the 
pancreas.  Further,  the  protein  of  the  same  tissue  differs  in  animals  of 
different  species,  e.g.  the  serum  albumin  of  the  blood  of  one  animal  has 
a  different  constitution  to  the  serum  albumin  of  an  animal  of  another 
species;  likewise,  the  chief  protein  (caseinogen)  of  milk.  We  can 
understand,  therefore,  why  it  is  that  the  proteins  of  the  food  have  to 
be  broken  down  into  such  numerous  end  products  in  the  digestive 
tract  From  these  end  products  chiefly  those  are  required  which  are 
of  value  in  building  up  the  animal's  own  particular  forms  of  protein, 
forms,  as  we  have  seen,  differing  in  various  parte  of  the  body,  and 
wholly  differont  from  the  protein  ingested.  It  is  only,  therefore,  by 
very  complete  hydrolysis,  that  these  valuable  end  products  can  be 
obtained  froe  from  producte  of  lesser  value.    (See  also  under  Digestion.) 

In  the  following  table  will  be  seen  the  varying  yields  of  the  different 
amino  acids  obtained  from  100  parte  of  various  proteins,  after  complete 
hydrolysis  with  hydrochloric  or  sulphuric  acid.  Tyrosin  and  cystin 
aro  separated  by  crystellisation,  after  neutralising  and  concentrating 
the  liquid.  The  diamino  acids —arginin,  histidin,  lysin — ara  separated 
from  the  rest  of  the  producte  by  being  precipitated  by  phosphotungstic 
acid  in  acid  solution.  Tryptophan  is  separated  by  precipitetjon  with 
mercuric  sulphate  in  the  presence  of  5  %  sulphuric  acid  after  tryptic 
digestion.    The  other  amino  acids  are  separated  (after  hydrolysis  of 
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the  protein  with  hydrochloric  acid)  by  fractional  diatillatioit  of  their 
ethereal  salts  under  greatly  reduced  pressure.  It  will  be  noticed  that  the 
figures  given  for  any  one  protein  do  not  by  any  means  add  up  to  100  %. 
This  is  due  to  the  occurrence  of  some  inevitable  loss  in  the  method  of 
separation,  and  to  the  fact  that  doubtless  all  the  components  of  protein 
have  not  yet  been  isolated. 


BHlpniducU. 

Seruni 
Albu. 

S- 

Un. 

(cowl 

"r.- 

^ 

Ksm- 

OoU. 

till. 

^r 

Qlyoin,      -       - 

0 

0 

35 

0 

3-0 

3 '8 

'4 

16-5 

^5-8 

Aknin, 

2-7 

21 

2-2 

■9 

3-fi 

3-8 

1-2 

-8 

6-6 

LeDOiD,        - 

20-0 

a-1 

18-7 

10-3 

15fl 

20 -fl 

18-3 

2-1 

21-4 

Aaputia  add,    - 

3! 

1-5 

2S 

1-2 

2-0 

4-5 

2-5 

-6 

+■ 

Olntamio  Mid,  - 

77 

8-0 

8-5 

Il-O 

8-0 

83 

3-0 

■9 

-B 

Cy«tin, 

23 

■2 

7 

■1 

— 

-3 

+ 

Hiatidin,    ■ 

^ 

_ 

- 

2-fi 

_ 

11 

— 

_ 

_ 

Lysin,         ■        - 

_ 

_ 

5-6 

_ 

I-O 

_ 

28 

Arginin,     ■        • 

— 

— 

— 

4-8 

— 

1-7 

2-3 

7-fl 

-3 

PhenyLklanin, 

3-1 

4-4 

3  8 

3-2 

2-0 

2-4 

3-0 

■4 

3-9 

Ty  rosin,     - 

21 

11 

2-5 

4-5 

3-5 

2-1 

4-6 

0 

-3 

Tryptophan,       - 

+ 

+ 

+ 

1-5 

+ 

+ 

0 

0 

— 

3-1 

2  3 

2-8 

5-3 

"■' 

41 

10 

116 

2-7 

The  i-esults  of  the  synthetic  method  of  procedure  have  also  been 
highly  interesting.  This  has  Iveen  mainly  the  work  of  Emil  Fischer 
and  his  pupils.  Starting  with  a  simple  end  product,  such  as  glycin, 
m  on  ami  no-ace  tic  acid,  two  of  these  are  combined  together,  forming  a 
dt-peptide  glycyl-giycin  with  the  elimination  of  water,  thus : — 
OH  (H 
NHjCHjCO  NHCH5COOH  =  NH^CHjCO.NHCHi,COOH  +  HaO. 
Glyciu.       I  Glj-ein.  Glycyl-glyein. 

The  addition  of  another  molecule  forms  a  tripeptide,  and  so  on  until 
polypeptides  (wnwiy  linkages)  are  formed.  Pentaglyeyl-glycin,  for 
example,  is : — 

NHjCH,CO{NHCH,CO>^NHCHsCOOH. 
But  not  only  has  glycin  been  combined  to  glyciu  — other  end  products, 
euch  as  atanin,  leucin,  phenylalanin,  tyrosin,  etc.,  have  been  combined 
together,  giving  such  bodies  as  leucyl-glycyl-alanin,  and  so  on.  For 
example,  the  polypeptide  (do-deka-peptide)  leucyldeca-giycyl-glycin 
has  the  formula : — 

C,HbCH(NH,)CO  I  (NHCH,CO)io  |  NHCH^COOH, 

Leucyl.  |  GlycyL  |  Glyein. 

By  many  such  operations,  polypeptides  have  been  obtained,  which. 


which,  if  T 

.Google 


300  PRACTICAL  PHYSIOLOGY 

not  actually  having  the  same  composition  as  any  known  peptone  (see 
later),  have  many  resemblances  to  peptOQea. 

The  proteins  have  for  the  most  part  many  physical  and  chemical 
reactions  ii 


I 


The  Physical  and  Chekucal  Properties  of  Proteins. 

I.  Solabilitf. — All  pi-oteitis '  are  insoluble  in  alcohol  and  ether.  They 
vary  as  to  their  solubility  in  water,  the  more  common  proteins 
(albumins  and  giobulins)  being  soluble  in  water  (albumins)  or  in  weak 
saline  solutions  (globulins).  Some,  however,  are  not  soluble,  even  in 
concentrated  saline  solutions. 

Experiment  IV.  From  the  undiluted  egg-white  provided  prepare 
a  solution  of  egg  albumin  by  adding  10  volumes  of  distilled  water  and 
mixing  thoroughly  in  a  flask.  An  opalescent  solution  is  thus  obtained, 
the  opalescence  being  partly  due  to  the  colloidal  nature  of  the  solution, 
although  in  part  to  some  other  protein  (ovo-mucin),  which  has  not 
gone  into  solution.  This  can  be  removed  by  filtering  through  fine 
muslin.  Note  that  this  solution,  like  all  colloidal  solutions,  gives  a 
peringlcnl  frolh  07i  shaking. 

The  solution  prepared  above  can  be  used  in  the  subsequent  experi- 
ments, unless  otherwise  stated. 

II.  Difliiaibilitf. — -As  the  proteins  give  only  collovlal  sohdums,  these 
solutions  will  not  dialyse,  that  is,  diffuse  through  animal  membranes  or 
parchment  paper.  In  this  they  are  uidike  crydaUoiih,  such  as  inorganic 
salts,  which  readily  diffuse  through  such  membranes.  Of  the  various 
forms  of  dialyser,  a  tube  of  parchment  is  the  simplest. 

Experiment  V.  Place  a  mixture  of  diluted  blood  and  of  a  10  % 
sodium  chloride  solution  in  the  dialyser  pro\'ided.  Test  a  sample  of 
distilled  water  with  silver  nitrate,  and  note  that  no  haze  of  silver 
chloride  occurs.  Place  the  dialyser  in  a,  beaker  of  this  water  and  allow 
dialysis  to  proceed  for  a  day.  On  now  testing  the  water  in  the  beaker 
for  chlorides  with  silver  nitrate,  it  will  be  found  that  a  white  precipitate 
of  silver  chloride  occurs,  showing  that  the  chlorides  have  diffused 
through  the  parchment.  It  can  !»  shown,  however,  that  no  protein 
has  dialysed  through,  hii  ike  absenee  of  pigment  and  by  applying  the 
tests  for  protein  given  below. 

III.  Heat  Ooaffulation.^Most  of  the  ao-callod  native  proteins  (albn- 
mitis  and  globulins)  coagulate  when  their  solutions  are  heated.  Dif- 
ferent proteins  coagulate  at  different  temperatures,  varying  usually 
from  56*C.-78°C.  A  faint  degree  of  acidity  and  the  presence  of 
much  neutral  salt  greatly  favour  heat  coagulation. 

'Sumo  VDgetAblo  prut^ina  are  buIuIjIc  in  iilcahol. 
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ExPEttiHENT  VI.  Fill  a  narrow  glaaa  tube  with  some  egg-white 
solution,  faintly  acidulated  with  acetio  acid,  and  fasten  off  one  end. 
Now  fix  this  to  the  lower  end  of  the  thermometer  by  means  of  small 
elastic  bands.  Gradually  heat  in  a  test  tube  placed  in  a  water  bath  and 
observe  the  temperature  at  which  the  albumin  becomes  opaque  and  set. 

IV.  Or7Btalliaatlo&. — Most  proteins  crystallise  with  difficulty;  the 
blood  {Hgrneut  of  certain  animals,  however,  cryatallises  readily.  (See 
later  under  Blood,  Chapter  VIII.)    Egg  albumin  and  serum  albumin 


Fio.  KL— CrTrtnlllMd  ■Ibumln.    xtOO. 


have,  however,  been  crystallised.  Certain  vegetable  proteins,  t.g.  the 
globulin  of  hemp  seed  (edestin),  crystallise  more  easily. 

Demonstration.  Some  hemp  seed  has  been  thoroughly  pounded, 
extracted  with  warm  5  %  sodium  chloride  (50*C.)  and  placed  in  a  dialyser 
overnight.  As  the  result  of  dialysis,  crystals  of  edestin  have  become 
deposited  in  the  tube.  Examine  those  placed  under  the  microscope. 
Crystals  of  edestin  may  also  be  obtained,  on  standing,  by  coohng  with 
ice  the  extract  of  hemp  seed. 

To  obtain  crystals  of  «gg  albamiu  the  wbit«a  of  Mveral  egga  are  mixed  with  an 
exactly  equal  amount  of  a  fully  tatarated  iolution  of  ammoninm  solphato.  This 
preoipitatat  the  globnliim.  The  ammonium  aulphate  iolntion  must  b«  exactly 
neutral  in  reaotion  and  should  be  added  to  the  egg-whit«  in  small  quantities  st  a 
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time,  tfae  mixIurB  being  bri^lj'  ■Uited  between  each  addition.  IIib  preoipitated 
globulin  i«  filtered  off,  Mtd  tbe  Oltnite,  which  reaota  alkaline  to  litmua,  ia  treat«d 
with  ammoDinin  mlphate,  drop  hy  drop,  antil  a  faint  bate  of  i»«oipitated 
albarain  ia  obtained.  A  drop  of  water  is  added,  to  tliat  tb«  bate  jiut  dinppean. 
The  tolatimi  is  now  treated  with  10%  aoetio  acid,  drop  by  drop,  nntil  a  pre- 
cipitate of  albumin  jiut  forma.  The  fiaak  U  iet  Mide ;  in  abont  twcntjr  bonra 
it  will  be  found  that  a  large  number  of  needle-shaped  crystala  have  become 
deposited  (see  Fig.  224). 

V.  Sotetion  of  Light. — All  proteins  are  laevo  -  rotatory.  Some 
combined  proteins,  such  as  haemoglobin  and  nucleo-protein,  are  dextro- 
rotatory, but  their  protein  portion  is  laevo-rotatory. 

VI.  Oobfta  Baactioiu.  This  group  of  reactions  is  very  important,  as 
each  reaction  yields  information  as  to  the  constitution  of  the  protein 
molecule.  The  meaning  of  each  test  should  therefore  be  carefully 
noted. 

(a)  The  Biuret  Beaction  (Piotrowski's  test). 

ExpBRUCBNT  VII.  Pour  a  drop  of  weak  copper  sulphate  into  a  test 
tube.  Now  add  some  20%  caustic  soda  until  a  pale  blue  colour  is 
obtained  (about  15  cc).  Divide  this  into  three  portions,  A,  B,  C.  Keep 
A  as  control  colour.  To  B  add  a  few  drops  of  diluted  egg-white.  To 
C  add  the  same  number  of  drops  of  the  commercial  peptone  provided. 
Note  the  violet  colour  with  albumin,  the  pink  colour  with  the  peptone 
solution. 

It  is  important  to  keep  control  tube  A,  since  in  using  very  weak 
solutions  a  slight  change  in  colour  can  be  detected  by  comparison  with 
the  control. 

All  proteins  give  either  a  purple  or  pink  colour  with  this  test.  It 
shows  that  the  protein  contains  two  or  more  CX)  -  NH  -  groups  linked 
together.  The  same  reaction  is  given  by  the  body  biuret  formed  when 
urea  is  heated,  hence  the  name. 

(b)  Xanthoproteic  Reaction. 

EXPEBIHBNT  VIII.  To  about  5  c.c.  of  the  solution  of  egg-white  add 
a  few  drops  of  strong  nitric  acid ;  a  white  precipitate  results.  Warm 
this  and  the  precipitate  changes  to  a  yellow  curd.  Cool  under  the  tap 
Add  a  few  drops  of  strong  ammonia ;  the  yellow  colour  changes  to  a 
brilliant  orange.  The  name  xanthoproteic  (yellow  protein)  will  help 
the  student  to  remember  the  colour  of  the  curd  obtained.  This  test 
shows  the  presence  of  the  benzene  ring  in  the  protein  molecule ;  hence 
only  proteins  containing  such  a  ring  give  this  test, 
(e)  HiUon's  Reaction. 

ExpERiMEMT  IX.  Add  a  few  drops  of  Millon's  reagent  (which 
consists  of  a  solution  of  mercurous  and  mercuric  nitrates)  to  some  of 
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the  egg-white  solution.     A  white  coaguluro  occurs,  which  on  warming 
ohangea  to  e.  brick- red  curd. 

Tliis  reaction  differs  from  the  xanthoproteic  only  in  depending  upon 
the  presence  of  the  benzene  ring  with  an  hydroxy!  group  attached  to  it 
in  addition,  or,  in  other  words,  the  phenolic  group. 

(d)  The  Qlyoxylic  Acid  test  (Hopkins'  modification  of  Adamkiewiecz's 
Heuctiou). 

£xFEL:rMiCNT  X.  To  some  egg-white  solution  in  a  test  tube  add 
about  1  cc.  of  glyoxylic  acid  solution,  and  run  in  carefully  without 
mixing  ordinary  strong  sulphuric  acid.  A  violet  ring  is  obtained  at 
the  junction  of  the  fluid,  which  extends  into  the  supernataut  egg-white 
solution  when  the  tube  is  gently  agitated. 

This  test  depends  upon  the  presence  of  tryptophan  (indol  amino- 
propionic  acid)  in  the  protein  molecule,  and  is  only  given  by  proteins 
containing  such  a  grouping. 

(t)  The  a-Kaphthol  test  (Molisch's  test). 

Tliia  haa  alruftdy  lieen  (jiven  under  carbohydratBa  (q.v),  Proteina  contftining 
a  carbohydrato  moiety  yield  this  test.  Tlie  purple  colour  should  be  very  pro- 
nuunoed  before  the  teat  ia  deemed  poBllive.  The  green  oolour  obtained  pUya 
no  part  in  the  reaction.     The  test  is  not  very  reliable. 

VII.  Precipitation  by  Neutr&l  Salts  {"  Salting  out "). 

(A)  Amnwtiiwn  Svlj.hate. 

Experiment  XI.  To  some  egg-white  solution  add  an  equal  amount 
of  saturated  solution  of  ammonium  sulphate  =  Italf  aalwafum.  A  white 
precipitate  of  globulin  is  produced.  Filter;  keep  the  filtrate.  After 
washing  the  residue  with  saturated  ammonium  sulphate  dissolve  it 
in  a  little  water  and  boil.  Note  that  the  protein  is  coagulated  in  fine 
flakes.     Divide  the  filtrate  : 

(a)  Add  crystals  of  Am^SO^  in  excess  (fiill  mturalhn).  The  albumin 
is  now  salted  out. 

{b)  Boil ;  flakes  of  coagulated  protein  show  the  presence  of  coagulable 
protein  (albumin).  Half  saturation  with  Am.,SO^  therefore  precipitates 
globulins ;  full  saturation  precipitates  albumins. 

(B)  MaffMe-ivm  Svlphale. 

EXPEEIMENT  Xn.  Fully  saturate  {i.e.  add  crystals)  the  solution  of 
egg-white  with  MgSO,.  A  precipitate  of  globulin  results.  Filter. 
Prove  by  heat  coagulation  and  by  fully  saturating  with  AmjSO^  that 
protein  (albumin)  is  left  in  the  filtrate.  Magnesium  sulphate  in  full 
saturation  precipitates  globulins,  but  not  albumins  (see  table,  p.  312). 

(C)  Sodivm  Chloride,  Ammonima  ChJorkle.  These  salts  resemble 
magnesium  sulphate  in  their  "salting  out"  properties. 
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(D)  Sodium  Svi-phaU  poosesses  at  30*  C.  the  same  protein  precipitating 
powers  aa  ammonium  sulpbate.  It  is  of  great  advantage  when  it  is 
desired  to  estimate  the  amount  of  protein  in  any  fluid.  By  precipitat- 
ing with  sodium  sulphate  and  determining  the  total  nitrogen  in  the 
precipitate  by  Kjeldahl's  method  (see  Urine)  the  amount  of  protein  is 
found  by  multiplying  by  6'25. 

(£)  Zinc  Sidphaie  has  also  been  used  for  salting-out  purposes. 

VIII.  Ooagnlants  of  Proteliu. — A  coagulum  differs  from  a  precipitate 
in  that  it  is  no  longer  soluble  in  its  original  solvent ;  in  other  words, 
ite  physical  or  chemical  nature  has  undergone  some  change.  Such  is 
the  case  in  the  coagulation  of  protein  by  heat.  Other  coagulants  of 
protein  are:— mechanical  agitation,  mineral  acids  and  salts,  and  other 
acids  such  as  tannic,  picric,  etc. 

EXPEBIHENT  XIII.  Violently  shake  some  egg-white  solution  with 
sand.    Strings  of  coagulated  protein  are  deposited. 

ExPKRiUBNT  XIV.  To  some  ^g-white  solution  add  gently  some 
strong  HNOg.  A  white  precipitate  appears,  which  is  insoluble  on 
heating  (cf.  Proteoses). 

Experiment  XV.  Acidulate  some  egg-white  solution  strongly  with 
acetic  acid,  then  add  strong  potassium  ferrocyanide — a  whitish  yellow 
precipitate. 

ExPKRiHENT  XVI.  Add  picric  acid — a  white  precipitate.  Many 
other  acids,  such  as  phosphomolybdic,  phoephotungstic,  trichloracetic 
and  salioyl  sulphonic  are  used  to  precipitate  proteins. 

Alcohol  precipitates  all  proteins.  At  first  it  forms  a  precipitate;  but 
if  the  action  be  prolonged  this  changes  to  a  coagulum.  Peptone  and 
fibrin  ferment  (thrombin)  take  longer  to  undeigo  this  change ;  advan- 
tage is  taken  of  this  to  separate  these  bodies  from  other  proteins  (see 
Preparation  of  Fibrin  Ferment,  336). 


CHAPTER  V. 

PROTEINS— CoHTiBnaD. 

The  CLAssiFicATiON  OF  Proteins. 

Thk  following  cbssification  has  now  been  adopted  for  proteins.  It  is 
based  partly  upon  the  results  of  chemical  investigation,  partly  upon 
auch  properties  as  solubility,  "  salting  out,"  etc.  It  cannot,  therefore, 
be  regarded  as  complete. 


idbyGoOgle 


PHYSIOLOGICAL  CHEMISTRY  306 

(1)  Protamines.  (2)  Histones. 

(3)  AlbuminB.  (4)  GlobuUna. 

(5)  Pbospho-proteins.  (6)  Solero-proteins. 

(7)  Compound  proteins. 

The  Frotaminea.— ^These  Bubetanoes  are  the  eimpleet  proteins 
known  (Koasel).  Thej  occur  combined  with  nucleic  acid  in  the  sper- 
matozoa of  certain  fishes,  such  as  the  salmon,  sturgeon,  mackerel  and 
herring.  Slurin  from  the  sturgeon  has  the  fonnula  C|,H,DN,gOf; 
salmin  (salmon)  and  dupein  (hening)  have  the  formula  Cj,HjtN,iO,. 
They  are  difficult  to  obtain  in  a  state  of  purity,  and  the  technique  is 
complicated.  Upon  hydrolysis  they  yield  large  amounts  of  the  hexone 
bases  arginin,  lysin,  histidin,  especially  arginin. 

Mouamino  acids  are  combined  into  the  protamines,  but  only  one 
a/clopierin  has  so  far  yielded  a  ringed  amino  acid  grouping. 

The  protein  nature  of  the  protamines  is  shown  by  the  fact  that  they 
yield  Ike  Biuret  test. 

The  Histoaea  occur  mainly  in  combination.  Perhape  the  best  known 
example  is  the  globin  portion  of  haemoglobin.  They  also  occur  com- 
bined in  the  nuclei  of  blood  corpuscles,  e.g.  in  the  red  corpuscles  of  the 
goose  and  in  the  white  corpuscles  of  the  thymus  gland. 

The  histones  are  somewhat  more  complicated  than  the  protamines. 
Bang  gives  the  following  characteristic  reactions : — 

(a)  They  are  precipitated  from  watery  solution  by  ammonia— the 

precipitate  being  soluble  in  excess. 

(b)  In  presence  of  salts  they  are  coagulable  by  heat. 

(e)  They  give  a  precipitate  with  nitric  acid  in  the  cold,  soluble  on 
beating,  reappearing  on  cooling  (cf.  Proteoses  and  Peptones). 

TOB   Al^UUINS    AND    GlOBUUNS. 

These  two  groups  have  been  already  studied  in  the  preceding  experi- 
ments with  the  egg-white  solution.  The  main  difference  between  the 
albumins  and  the  globulins  is  that  of  solubility.  It  has  also  been 
shown  chemically  that  the  products  of  hydrolysis  differ,  the  albumins 
yielding  no  glycin.  Upon  hydrolysis  all  yield  members  of  the  chief 
amino  acid  groups  (see  table,  p.  399). 

Albnmins  are  soluble  in  distilled  water  and  in  saturated  solutions  of 
all  neutral  salts  except  ammonium  sulphate  and  anhydrous  sodium 
sulphate,  in  which  they  are  insoluble.  They  are,  however,  soluble  in 
half-saturated  solutions  of  these  salts  (see  table,  p.  312). 

Qlobnlins  are  insoluble  in  distilled  water  and  in  saturated  solutions 
of  all  neutral  salts.     They  are,  moreover,  insoluble  in  half-saturated 
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solutions  of  ammonium  BulphaM  and  anhydrous  sodium  eulphate. 
Thfty  are  soluble  in  weak  saline  solutions  (see  table,  p.  312). 

The  chief  kinds  of  albumins  are  egg  albumin,  serum  albumin  (see 
Blood),  and  lactalbumin  (see  Milk). 

The  most  important  globulins  are  egg  globulin,  serum  globulin, 
fibrinogen  (for  both  see  Blood),  and  myosinogen  (see  Muscle). 

The  Phosphopbotbins. 

The  chief  members  of  this  group  are  the  caseinogens  of  milk  and 
the  vitellins  from  egg-yolk.  They  derive  their  name  from  the  large 
amount  of  phosphorus  contained  in  their  molecule.  They  differ,  how- 
ever, from  nucleoproteins  in  containing  no  purin  bases. 

Dissolve  some  commercial  caseinogen  in  2  %  caustic  soda,  and  perform 
the  following  Expbrihknts  : — 

(I.)  Note  that  it  is  precipitated  with  1  %  acetic  acid,  the  precipitate 
being  soluble  in  excess  of  acid. 

(II.)  Periorm  the  colour  tests  for  protein,  and  record  your  results. 

(III.)  Periorm  the  "  salting  out "  tests  with  Am^SO,  and  MgSO^. 

(IV.)  Heat  the  solution. 
With  the  solid  substance  periorm  the  following  experiments : — 

(V.)  Heat  some  solid  caseinogen  upon  a  piece  of  broken  porc«UiR 
with  "combustion  mixture"  (a  mixture  of  sodium  carbonate 
and  potassium  nitrate).  When  cool,  extract  with  nitric  acid, 
filter,  add  ammonium  molybdate  in  nitric  acid,  and  heat. 
The  canary  yellow  precipitate  denotes  phosphates. 

(VI.)  Heat  a  little  caseinogen  with  1  %  NaOH  in  the  incubator  or 
on  a  water  bath  at  37*  C.  for  twenty -four  hours.  Phosphoric 
acid  is  broken  off.  Precipitate  the  phosphoric  acid,  after 
acidifying  with  acetic  acid  and  filtering,  by  the  addition  of 
ammoniacal  magnesium  citrate.  Filter,  Dissolve  tfae  pre- 
cipitate in  nitric  acid,  and  test  with  molybdate  as  above. 

(VII.)  Make  a  solution  of  caseinogen  in  lime  water.  Show  that  it 
is  clotted  by  rennet. 

In  connection  with  the  above  experiments  it  will  be  found  that  case- 
inogen yields  all  the  colour  testa  except  Molisch.  It  therefore  contains 
no  carbohydrate  group  (see  p.  279).  The  xanthoproteic,  Millon's,  and 
the  glyoxylic  tests  will  he  very  well  marked,  showing  that  caseinogen 
is  rich  in  tyroein  and  tryptophane. 

In   "salting  out"  caseinogen  behaves  like  a  globulin,  being  pre- 
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cipitated    bj  full    saturation    with    roagnesiuiD   sulphate   and    half 
saturation  of  ammonium  sulphate. 

Caseinogen  is  not  coagulated  by  heat  (see  table,  p.  312). 

Tbk  Sclbro-Pbotbins. 

This  comprises  the  group  of  proteins  formerly  termed  albuminoids. 
They  are  obtained  mainly  from  "  the  hard  "  or  supporting  structures 
of  the  body. 

CoUagen,  the  precursor  of  gelatin,  forma  the  chief  constituent  of 
white  fibrous  tissue  and  of  the  organic  substance  of  bone.  It  also 
exists  in  cartilage,  where,  however,  it  is  mixed  with  several  other 
bodies  (see  under  mucinoids,  p.  308). 

Frepaiation  of  Oollagen. — A  piece  of  tendon  is  macerated  overnight 
in  1  %  caustic  alkali  to  remove  other  proteins,  and  then  washed  with 
water  till  alkali  free.  The  resulting  mass  is  collagen.  Place  a  piece  of 
this  in  a  flask  and  boil  it  for  ten  minutes  with  water  which  is  rendered 
hintly  acid  with  acetic  acid.  By  this  treatment,  the  collagen  is  trans- 
formed into  gelatin  and,  on  cooling  the  solution,  it  gelatinises. 

Gelatin.— This  is  really  the  hydride  of  collagen,  the  boiling  widi 
acidulated  water  in  the  above  experiment  having  caused  the  collagen  to 
take  up  a  molecule  of  water.  Conversely,  the  gelatin  can  be  recon- 
verted into  collagen  by  heating  it  to  130*  C,  whereby  it  loses  water. 

ExPEBiMSNT  VIII.  Divide  a  -solution  of  gelatizi  in  lukewarm  water 
into  five  portions,  to  which  apply  the  following  tests:  (1)  the  Biuret 
reaction :  a  violet  colour  is  produced.  (2)  the  xantho-proteic  reaction : 
only  a  slight  colouration  is  produced.  (?)  the  Millon's  test :  only  a 
slight  reddening  of  the  precipitate  occurs  on  boiling.  (4)  the  glyoxylie 
test :  absent  or  very  faint.  (5)  half  saturation  with  Am^SO^ :  salted 
out. 

The  reason  why  the  second,  third  and  fourth  teats  are  not  very 
distinct,  is  because  gelatin  does  not  yield  aromatic  bodies  on  decomposi- 
tion, and  both  these  tests  depend  on  the  presence  of  aromatic  bodies. 
Some  varieties  of  gelatin  give  these  reactions  more  distinctly  than 
others,  but  absolutely  pure  gelatin  is  said  not  to  give  them  at  all,  so 
that  their  presence  is  held  to  depend  on  native  protein  in  the  gelatin. 

The  other  selero-proteins  are  unimportant.  They  are  Keiatin,  which 
occurs  in  the  skin  and  its  appendages  and  in  the  medullary  sheaths  of 
nerves ;  it  is  remarkable  for  the  large  percentage  of  sulphur  which  it 
contains ;  El^vHJn,  which  is  found  in  elastic  fibres,  and  contains  a  very 
small  percentage  of  sulphur,  but  a  considerable  amount  of  aromatic 
bodies. 

All  these  solero-proteina  except  keratin  yield  glycin  as  their  chief 
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decompoflition    product.     They  also    yield  the  hexone  bases,   since 
protamin  forms  part  of  tbeir  molecule  (see  table,  p.  299). 

EXPEEIUSMT IX.  With  pieces  of  finger-nail  abow  that  keratin  gives 
xanthoproteic,  Millon's,  and  lead  sulphide  test. 

The  Compound  Proteins. 

In  this  group  ve  have  proteins  to  which  groups  other  tban  protein 
are  united  to  form  a  complex  molecule.     The  chief  groups  are : — 
(i)  The  chromo-proteins. 
(ii)  The  gluco-proteins. 
(iii)  The  nucleo-proteins. 

The  Ohromo-potoini. — As  the  name  signifies  these  are  "  coloured " 
proteins,  and  its  members  are  pigments,  of  which  the  chief  is  haemo- 
globin.    (See  chapter  on  Blood.) 

The  Qlnco-protelns  are  compounds  of  protein  with  a  large  carbo- 
hydrate group.  Many  proteins  not  contained  in  this  class,  such  as  egg 
albumin  and  nucleo-proteins,  contain  carbohydrate,  but  not  in  such 
large  amounts.     The  chief  members  of  the  class  are  the  mucins. 

Experiment  X.  Collect  some  saliva  in  a  test  tube,  note  its 
viscidity;  add  to  it  a  few  drops  of  1  %  acetic  acid;  a  stringy  precipitate 
of  mucin  results.  It  is  insoluble  in  excess  of  acetic  acid.  Filter.  To 
residue  odd  a  few  drops  of  weak  sodium  carbonate  solution,  when  the 
precipitate  will  dissolve.  Test  this  with  protein  colour  tests,  including 
Molisch. 

Experiment  XI.  Mucin  has  been  prepared  from  connective  tissue 
where  it  is  very  abundant,  by  extracting  the  latter  with  a  weak  alkali 
(lime  water).  The  mucin  has  been  precipitated  by  a  weak  acid.  The 
resulting  precipitate  has  then  been  boiled  for  about  ten  minutes  with 
hydrochloric  acid  (1  part  concentrated  acid -1-3  parts  water),  and  the 
resulting  solution  cooled  and  neutralised.  Examine  portions  of  the 
resulting  solutions.     Divide  the  solution  intti  portions,  a  and  b. 

To  (a)  apply  the  Biuret  reaction — a  violet  or  pink  colour  is  produced, 
showing  the  presence  of  the  protein  moiety. 

To  (b)  add  a  drop  of  copper  sulphate  solution,  and,  if  necessary,  some 
caustic  alkali  till  a  blue  solution  is  obtained.  Now  boil,  when  reduction 
to  cuprous  oxide  will  occur,  demonstrating  the  presence  of  the  carbo- 
hydrate moiety. 

Besides  forming  the  ground  substance  of  the  connective  tissues, 
mucin  is  also  secreted  on  to  the  surface  of  all  mucous  membranes, 
where  it  acts  aa  a  lubricant 

BetidM  the  muainB,  this  group  also  ooqUuds  the  macinotda,  bodiM  dUtinguished 
from  mucin  in  oot  being  viscooa  in  nature  and  not  being  bo  esail;  precipitated  by 


idbyGoogle 


PHYSIOLOGICAL  CHEMISTRY  309 

acetic  acid,  the  prucipiUlte  when  formed  being  soluble  in  exceaa.  Tlioy  are 
repreBented  by  the  mucoid  of  ovarian  oysU,  the  ovo-muooid  of  white  of  egg,  nnd 
bodies  (soDietimea  termed  chondro-proteids)  which  occur  along  witli  collagen  in 
cartilage.  These  lost  on  dBcompoaition  with  an  acid  yield  prol«in  and  a  reducing 
body  called  chcmdroi  tin -sulphuric  acid,  which  con  further  be  deoomposod  to 
yield  chondrosiii,  a  body  containing  nitrogen,  but  more  strongly  reduoing  than 
dextrose.  This  body  can  still  Further  be  decompuaed  to  glucosamine,  the  usual 
carbohydrate  moiety  of  the  mucins.  Of  this  the  mucins  conta 
i-CHJOH) 
I 
CHOH 

Formula  of  J  ^.^^^ 
Glncoaamine.  1  ftirnH 


n  about  30  %. 


The  NucIeo-ptoteiOB.^TheBe  consist  of  protein  in  combination  with 
nvdein,  and  form  the  chief  constituent  of  the  nuclei  of  cells.  Nuclein 
itself  is  a  compound  of  protein,  with  an  organic  acid  known  as  nvdeic 
adil. 

Preparation  of  Nuclko-Protein. 

Method  I.  A  cellular  organ,  such  as  the  thymus  or  pancreas,  is 
miuced  and  macerated  overnight  with  water  made  faintly  alkaline  with 
caustic  soda  or  ammonia.  The  extract  is  then  strained  through  muslin, 
litmus  added,  and  then  weak  acetic  acid.  When  the  reaction  becomes 
faintly  acid,  a  copious  precipitate  of  nucleo-protein  occurs.  The  nucleo- 
protein  is  filtered  off  and  dissolved  in  weak  alkali  (1  %  sodium  carbonate). 

Method  II.  Demmislralimt. — The  minced  organ  is  pounded  in  a 
mortar,  with  an  equal  amount  of  solid  NaCl.  Upon  throwing  the  mass 
into  excess  of  water  in  a  tall  cylinder,  the  nucleo-protein  rises  as  a 
stringy  mass  to  the  top  of  the  water.  This  is  collected  and  dissolved  in 
1%  sodium  carbonate. 

Kxi'ERiMENT  XII.     Some  of  this  alkaline  solution  is  supplied — 

(1)  Add  acetic  acid— white  precipitate  soluble  with  difficulty  in 

excess.     (Cf.   mucin,   which  is   insoluble,  and  caseinogen, 
which  is  readily  soluble.) 

(2)  Perform  the  protein  colour  tests. 

(3)  Ascertain  how  it  is  "  salted  out." 

Demonstration.  —  The  precipitate  of  nucleo-protein  has  been 
digested  with  pepsin  hydrochloric  acid  for  twenty-four  hours.  The 
protein  has  become  converted  into  peptone — the  liberated  nvdfin  has 
fallen  down  as  a  brown  sediment. 


Ifin  has  ^^ 

.Google 


310  PRACTICAL  PHYSIOLOGY 

This  brown  eediment  can  be  further  decomposed  into  nudek  add  and 
protein  by  dissolving  it  in  alkali  and  adding  03  %  hydrochloric  acid  in 
alcohol.  This  precipitates  the  nucleic  acid.  If  this  be  collected  and 
heated  in  a  sealed  tube  with  hydrochloric  acid,  it  aplite  into  a  number 
of  simpler  bodies.  Onanylic  acid,  the  simplest  nucleic  acid  found  in 
the  pancreas,  yields  phosphoric  acid,  guanine,  and  pentose.  Other 
nucleic  acids  which  occur  with  the  guanylic  acid  yield  phosphoric  acid, 
guanine,  and  adenine,  laevulinic  add  (probably  from  decompoeidon  of 
a  hexose),  the  pyrimidine  base  oytosine,  and  probably  other  pyrimidine 
bases. 

OF  Relationship  op  Nuclein,  btc. 


i 

(gDM  into  wlntioD) 

Aad  Meta-protem  (in  Bolntion)                    Xvckk  Aeid  (white  preoipitkte) 
he&ted  io  olosod  tabe  with  HCl 
, I . 


The  presence  of  phosphorus  in  nucleo-protein  may  be  demonstrated 
by  heating  it  with  combustion  mixture  (cf.  pbospho-prot«in).  Its  phos- 
l^oric  acid,  however,  is  not  split  off  by  incubation  with  1  %  NaOH 
at  37*G.  for  24  hours;  nor  are  nucleo-proteins  clotted  by  the  rennet 
en^me. 

We  come  lastly  to  the  products  of  protein  hydrolysis,  which  will 
be  dealt  with  more  fully  under  Digestion.  When  albumin  is  subjected 
to  the  action  of  a  weak  acid  or  weak  alkali  it  is  transformed  into  a 
derived  protein  or  neta-pnUm.    These  closely  resemble  the  globulins. 

Add  and  Alkali  Meta-protein. 

EXFBKiHENT  XIII.  To  some  diluted  egg-white  add  two  or  three 
drops  6f  10  %  HCl.  Place  in  water  bath  at  body  temperature  for 
five  minutes.     Acid  meta-protein  is  formed. 

Note. — (a)  That  no  coagulum  now  appears  or  heating. 

{b)  It  is  precipitated  by  nuking  the  solution  neutral  or  very 
faintly  alkaline. 

(c)  It  is  salted  out  by  luUf  saturation  with  ammonium  Bulphat« 

(hke  a  globulin). 

(d)  If  neutralised  and  suspended  in  water  it  is  coagulated  on  boiling. 
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Experiment  XIV.  Render  dilute  egg-white  alkaline,  and  treat  aa 
above.  Alkali  meta-protein  is  prepared.  It  gives  similar  reactions  to 
acid  ta eta-pro tei  11.  As,  however,  in  making  alkali  lueta-protein  some  of 
the  loosely  combined  nitrogen  and  sulphur  are  split  off,  it  cannot  be 
changcl  into  acid  meta-protein.  The  reverse  ehange  is,  however, 
possible.  Acid  meta-protein  when  prewired  from  muscle  (myosin) 
is  often  called  synUmin.  Alkali  meta-protein  when  prepared  by  the 
action  of  strong  alkalis  on  protein  is  termed  "  Lieberkiihn's  Jelly.' 
Acid  meta-protein  is  one  of  the  first  products  of  peptic  digestion  of 
protein,  alkali  metji-protein  of  tryptic  digestion. 

Proteoses  and  Peptones. — These  occur  as  the  first  stages  of  protein 
cleavage  under  the  action  of  such  agents  as  mineral  acids,  superheated 
steam,  the  proteolytic  enzymes.  They  will  be  more  fully  studied 
under  Digestion.     (See  p.  364). 

ExPERiMKNT  XV.  Use  the  solution  of  Witte'a  peptone  provided  and 
perform  the  following  tests  : 

(a)  Biuret  reaction  ia  ptVii.     (Proteosts  awA  Peptones.) 

(t)  On  faintly  acidifying  with  acetic  acid  and  boiling — ko  coagtUum, 

(c)  Add  a  little  HNOj  —a  white  ring.     This  dissolves  on  heating 

and  reappears  on  cooling.  Salicyl-sul phonic  acid  produces 
the  same  effect,  but  the  reaction  is  more  delicate. 

(d)  To  the  solution  atid  an  equal  amount  of  Am^SO^  (half  saturate). 

A  white  precipitate  of  the  jmmari/  proteoses  (except  hetero- 
proteose)  which  are  salte<i  out     Filter. 

(e)  Saturate  the  filtrate  with  crystals  of  Am^SO,.     The  seamdary 

proteoses  are  salted  out.  Filter, 
(/)  With  the  filtrate  perform  Biuret  and  xanthoproteic  testa 
To  obtain  the  Biuret  lest  in  the  presence  of  a  large  quantity 
of  Am^SO^  a  large  excess  of  caustic  soda  is  rvquired.  As 
peptones  are  not  precipitated  by  HNOg  the  xauthoproteic 
test  manifests  itself  by  a  yellow  colour  on  heating  the 
solution,  turning  orange  with  ammonia.  The  positive  results 
shoiv  the  presence  of  peptones. 
From  these  experiments  we  leam  : 

(1)  That  proteoses  and  peptones  give  a  pink  Biuret. 

(2)  That  they  are  not  coagulable  by  heat. 

(3)  That  proteoses   give  a  precipitate   with    HNO,  soluble   on 

heating.  Therefore,  in  the  presence  of  other  proteins, 
precipitated  by  HNOj,  such  as  albumin  and  globulin,  they 
can  be  separated  by  warming  the  solution  and  filtering  hot 
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The  precipitates  of  albumins  and  globulins  do  not  dissolve 
on  warming. 

(4)  Primary  proteoBoa'  are  salted  out  by  half  saturation  with 

ammonium  sulphate. 

(5)  Seoondai^  proteoeea  *  are  salted  out  by  fvll  saturation  with 

ammonium  sulphate. 

(6)  All  proteins  but  peptones  are  salted  out  by  full  saturation 

with  ammonium  sulphate  (see  table  below). 

(The  other  products  of  protein  hydrolysis  are  fully  dealt  with  under 
Digestion). 


Ptx>Uln. 

bUlSr'. 

Difliul- 
bUlty. 

Action 

OflUMt. 

Blunt 

twt 

uUonol 

ntlon). 

■■U^l. 

^^^ 

OlobuUn. 

Saline 
but 
not 
pure 
water. 

NIL 

"ffi. 

Violet 

By  halt. 

+ 

iiMcf.  on 
heating. 

Ptecipi- 
then 

Albumin. 

Water. 

Nil. 

'to. 

Violet. 

ByfuU. 

Precipitate 
heating. 

Precipi- 
tate 
then 

£3" 

Prim»ry» 

Water. 

SmaU. 

Not 

Pink. 

By  half. 

+ 

beating. 

Preoipi- 

Water. 

Small. 

Not 

Fink. 

ByfulL 

" 

Little  or  no 
heating. 

Preoipi- 

Peptones. 

Water. 

Qreat. 

Not 

Pink. 

Not. 

- 

A'o  precipi- 
tate. 

Preoipi- 
tat^ 

Guein. 
ogen. 

Weak 
alkali. 

Nil. 

Not 

Violet. 

By  half.    + 

1 

- 

Preofpi- 
tated. 

^  See  fuller  table  on  page  31 


idbyGoogle 


PHYSIOLOGICAL  CHEMISTRY 


CHAPTEK  VI. 

FATS,  FATTY  ACIDS,   PHOSPHORISKD  FATS  AND  CHOLESTEROL. 

Thkhb  bodies  are  claaaified  together  because  they  are  soluble  in  the 
same  liquids.  After  extracting  an  organ  or  tissue  with  alcohol,  ether 
OF  chloroform,  and  evaporating  off  the  solvent,  a  more  or  leas  syrupy 
mass  is  left  behind  consisting  of  a  varying  mixture  of  the  above  men- 
tioned substances.    They  are  often  called  collectively  the  lipoids. 

Hethod  for  the  Bzteactlon  of  an  Oigui  or  Tlssne  irltb  Ether.— Tho 
uupleBt  method  U  by  meuu  of  Soxhlet's  apparfttna  (fig.  229). 
ThU  ooDtiBti  of  Kn  extrwting  chunber  into  which  opena, 
Dear  the  lop,  a  aide  tabo,  ooonectad  below  with  a  flatk.  In 
which  is  placed  the  ether ;  above  it  ia  ooDoected  with  a 
condenaer.  The  Qaak  ia  plac«d  on  a  water'bath,  and  the 
ethar  paaaea  into  the  cluunber,  and  then  into  the  LiaUg'a 
ooudenaer,  where  it  ia  condenaed  and  tricklea  back  into  the 
extracting  chamber.  The  ether  thna  gradnallj  accnninlatea 
in  the  extraotion  chamber  until  it  reacbea  the  level  of  the 
bend  in  another  aide  tube  opening  near  the  bottom  of  the 
extracting  chamber,  when  ayphon  aetloa  ia  eatablUbed,  and 
the  whole  of  the  ether  dnini  back  into  the  diBtilling  &uk. 
The  dried  tiune  or  organ  to  be  extracted  ia  finely  ground 
and  placed  in  a  cartridge  of  porona  paper,  which  ia  inaerted 
in  the  extracting  cbsmber.  The  warm  condenaed  ether  aa 
it  accnniulatei  in  the  chamber  diuolvee  out  the  fat,  and 
oarriea  it  into  the  diatilling  flaak.  The  procesa  should  be 
allowed  to  proceed  for  aeveral  hours.  The  contenta  of  the  ""'^^S^^"^ 
diatilliog  flAak  are  then  removed  to  a  fiat  diah,  aod  the 
ether  allowed  to  evaporate.     The  residue  contains  the  lipoid  snbatancea. 

Fats  and  Fatty  Acids. 
Ventxal  &tB  are  the  ethereal  salts  of  the  fatty  acids  with  the  tri- 
atomic  alcohol  glycerine,  and  have  therefore  the  general  formula : 
CHj-O-CO-X 


CH  - 


0-CO-X 


-0-CO-X. 

They  are  named  according  to  the  fatty  acid  they  contain,  thus :  stearin, 
olein.  The  faSty  acids  are  monobasic  organic  acids,  containing  one  car- 
boxylic  group  (COOH)  attached  to  a  hydrocarbon  radicle.  They  belong 
to  two  classes,  the  saturated  and  the  unsaturated.  The  saturated  acida 
have  the  general  formula  C.Hi.«i.  CX)OH.  Those  commonly  occurring . 
in  fats  are  stearic  acid,  in>which  n<«17,  and  palmitic  acid,  in  which 
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n=15.  Thus  the  formula  for  8t«uric  a«id  is  CH,. (CH,)ifl. COOH. 
The  first  member  of  this  series  is  acetic  aeid,  CHj.  COOH. 

The  unsaturated  acids  contain  relatively  less  hydrogen  in  the  hydro- 
carbon chain  attached  to  the  carboxylic  group.  This  is  due  to  the  fact 
that  there  are  one  or  more  double  bonds  (unsaturated)  between  the  carbon 
atoms  of  the  chain.  Thus  oleic  acid,  the  commonly  occurring  unsatur- 
ated acid  of  fats,  has  the  formula:  CHs.(CHj)j.CH  =  CH(CHjV  COOH, 
and  belongs  to  the  series  C,Hi,_,.  COOH.  Other  un8aturat«d  acids, 
containing  two,  or  even  more,  double  bonds  occur  in  the  fat  of  the 
liver,  heart  and  kidney,  and  in  drying  oils,  such  as  linseed  oil.  The 
unsaturated  nature  of  these  acids  is  shown  by  their  combining  directly 
with  chlorine  or  bromine,  thus  becoming  saturated. 

EXFEKIHKNT  I.  Shake  up  some  oleic  acid  or  its  alcoholic  solution 
with  dilute  bromine  water.  The  colour  of  the  bromine  disappears, 
licpcat  with  an  alcoholic  solution  of  stearic  acid,  when  the  colour  of  the 
bromine  persists 

Under  suitable  conditions  unsaturated  fatty  aciils  and  fats  will  also 
combine  with  iodine.  The  proportion  of  iodine  witb  which  a  given 
mixed  fat  will  combine  therefore  represents  the  amount  of  utiaaturated 
acid  present  This  is  called  the  Iodine  Number  of  the  mixed  fat  (See 
p.  322).  Common  fats  are  mwle  up  almost  entirely  of  varying  pro- 
portions of  stearin,  palmitin  (which  are  solid  at  ordinary  temperatures) 
and  olein  which  is  liquid.  The  more  olein  a  fat  contains,  therefore, 
the  lower  will  be  its  melting  point  and  the  higher  its  iodine  number. 

All  the  fatty  acids  possess  one  property  in  common,  viz.  that  they 
form  salts.  These  salts  are  called  soaps.  By  lioiling  neutral  fat  with 
caustic  alkali,  it  is  split  up  (by  a  pi'ocess  of  hydrolysis)  into  its  con- 
stituents, the  glycerine  being  set  free  and  the  fatty  acid  uniting  with 
the  alkali  to  form  a  soap.     This  process  is  called  mponijkation. 

ExpKHiMENT  11.  Saj>omJicatiaii  of  Xeutral  Fat. — Place  about  50  c.c. 
of  strong  caustic  soda  in  a  dish,  and  add  about  10  grammes  of  fat.  Heat 
to  near  the  boiling  point  and  stir  the  mixture  frequently.  When  all 
the  fat  has  disappeared  allow  the  mixture  to  cool.  The  soap  forma  a 
jelly  or  cake,  and  can  be  washed  in  cold  water  to  remove  any  excess  of 
caustic  soda.  A  hard  soap  is  formed  if  caustic  soda  is  used ;  but 
with  caustic  potash  a  soft  soap  is  obtained. 

EXPSMIMENT  III.  Sejiamliffn  of  Fatly  Acitl  from  Soap. — Place  about 
40  C.C-  of  20  per  cent,  sulphuric  acid  in  a  small  beaker,  and  heat  it 
nearly  to  boiling  point ;  drop  into  this  pieces  of  the  washed  soap,  stirring 
with  a  glass  rod  between  each  addition.  The  acid  displaces  the  alkali 
from  its  combination  with  the  fatty  acid,  and  the  latt«r  separates  out 
on  the  surface  of  the  water  as  an  oily  layer. 
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ExPERiMZNTS  IV.  JBeadions  of  Falti/  ^Min.— Remove  eome  of  the 
fottj  acid  with  a  cleao  glass  rod,  and  place  it  on  a  piece  of  ordinary 
paper  ;  a  greasy  stain  will  result. 

In  order  to  purify  the  fatty  acid  allow  the  contents  of  the  beaker 
to  cool,  when  the  fatty  acid  will  solidify  and  can  be  easily  removed 
with  a  penknife,  and  transferred  to  distilled  water  in  a  small  beaker. 
Thia  removes  a  great  part  of  the  adherent  sulphuric  acid.  But  to  free 
it  completely  it  is  necessary  to  dissolve  the  fatty  acid  in  alcohol,  and 
pour  the  resulting  solution  into  excess  of  cold  distilled  water.  1'he 
fatty  acid  which  separates  is  filtered  off  and  washed  with  distilled  water. 
Use  the  purified  fatty  acids  for  the  following  reactions  '.— 

A.  Demonstrate  that  fatty  acid  is  add  in  reaction.     For  this  purpose 

place  some  alcohol  in  a  teat  tube,  add  a  few  drops  of  an  alcoholic 

solution  of  phenol phthalein  (an  indicator  which  turns  red  with  alkali, 

N 
but  is  colourless  with  acids),  and  then  a  few  drops  of  weak  |^  caustic 

soda.  Warm  the  resulting  red  solution  on  the  water-bath,  and  drop 
into  it  small  pieces  of  fatty  acid.  The  red  colour  will  disappear. 
Eepeat  the  experiment  with  a  piece  of  neutral  fat  \  the  result  is 
negative. 

B.  Add  a  piece  of  fatty  add  to  some  half  saturated  solution  of  sodium 
carbonate,  and  warm ;  the  fatty  acid  dissolves,  carbon  dioxide  is 
liberated,  and  a  solution  of  soap  is  obtained.  Neutral  fat  is  insoluble 
in  cold  sodium  carbonate  solution. 

C.  Press  out  some  fatty  acid  between  filter  paper  until  it  is  dry,  and 
apply  the  acrolein  test  as  described  in  Experiment  V.  (p.  316).  The 
result  is  negative. 

D.  To  a  solution  of  soap  add :  (a)  a  few  drops  of  a  solution  (A  calcium 
chloride — a  white  precipitate  of  a  calcium  soap  falls  down ;  (6)  some 
lead  acetate  solution — a  white  precipitate  of  lead  soap  falls  down  (lead 
plaster). 

The  fatty  acids  prepared  by  the  above  method  mainly  consist  of  a 
mixture  of  palmitic,  stearic  and  oleic.  To  separate  these  from  one 
another,  advantage  is  taken  of  the  fact  that  they  differ  in  the  readiness 
with  which  they  form  salts  (soaps)  with  lead  acetate. 

Advakoid  ExFiBiHi:tT.  To  separate  the  Solid  from  the  Fluid  Fatty 
Acids. — Melt  the  fatty  acid*  in  &  backer,  uid  kdd  to  the  remlting  fluid  kboat  four 
times  it!  bnlic  of  TO  per  cent,  alcohol.  Plmce  the  beaker  on  the  boiling- WKter  bath 
for  B  few  roinatea,  aod  then  filter  quickly  through  a  folded  filter.  Allow  the 
filtrate  to  cool,  when  the  ealid  acid*  will  MparBteontMacryBtBlline  mxa,  whereas 
the  oleic  acid  will  remain  insolutioii.  The  two  can  then  be  eeparaud  by  filtration. 
The  fnrther  aepkration  of  tteuic  from  paltnitio  acid  ia  a  Uborion*  proces*,  and 
coDaiate  of  the  addition  of  aji  aloohoUo  eolation  of  lead  aoetate  in  amall  qnanthie* 


idbyGoogle 


aifi  PlUCTR^AL  rHVSIULUCY 

%t  %  tima  to  a  MlotioD  of  the  aolda  In  kloohoL  Ewh  addition  prodnoM  *  pra- 
dpitkte,  which  b  filtered  off  uid  trektad  with  dilnta  hydrochloric  add  uid  ether. 
The  hydrochloric  >oid  deoonpoeee  the  leftd  ealt,  and  the  Uber«ted  fatly  acid  goea 
into  solntion  in  the  ether.  Thli  proceM  is  called  fractional  predpitation,  and 
the  higher  the  melting  point  of  the  add  the  more  naily  ii  It  predpftatad  by  the 
lead  aoeUt«. 

Besides  these  reactions  of  the  fattjr  acid  produced  from  it,  neutral 
fat  gives  an  important  reaction,  depending  on  the  glycerine  which  it 
ooDtains.     This  is  called  the  aavlan  reaction. 

EXPERIUENT  y.  Place  a  small  piece  of  fat  in  a  thoroughly  dried 
test  tube,  add  to  it  three  or  four  times  ite  bulk  of  acid  potassium 
sulphate,'  and  heat.  A  pungent  vapour  of  ocroleiD  *  is  given  off,  which 
blackens  a  piece  of  filter  paper  which  has  been  dipped  in  ammoniacal 
silver  nitrate  solution.  This  reaction  demonstrates  that  the  vapour 
acts  as  a  reducing  agent. 

Emttlsificatum. — Wfaen  oil  is  mixed  with  water  it  floats  to  the  suriace, 
but  whan  a  soap  ia  present  in  solution  in  the  water  the  oil  globules 
remain  suspended,  and  an  emulsion  results.  This  is  more  permanent  if 
some  suspending  medium  such  as  mucilage  be  added. 

EZPEBIUENT  VI.  In  one  test  tube  (a)  place  some  soap  solution ;  in 
another  (b),  some  water.  To  each  add  some  neutral  olive  oil  and  shake. 
Allow  to  stand,  and  note  that  a  remains  emulsified,  b  does  not 

ExFERiHBNT  VII.  Ploce  some  rancid  oil  (i.e.  containing  free  fatty 
acid)  in  a  test  lube,  add  some  weak  caustic  potash  solution  and  shake; 
an  emulsion  forms,  soap  being  formed  by  the  alkali  combining  with  the 
fatty  acid. 

EbcPBRiUBNT  VIII.  Divide  the  emulsion  produced  in  Experiment  VII. 
into  two  parte ;  to  one  of  these  add  a  little  mucilage  or  egg-albumin 
and  shake,  and  note  that  the  emukion  "  stands  "  much  longer  than  that 
to  which  no  suspending  medium  has  been  added. 

Lecithins. 

Soluble  in  acetone,  and  otherwise  very  closely  related  to  the 
fate,  is  a  group  of  bodies  called  lecithins.  The  lecithins  are  present 
in  greater  or  less  amount  in  all  the  cells  of  the  body.  Most  plentifully, 
they  occur  in  the  envelope  and  stroma  of  the  red-blood  corpuscles,  in 
nervous  tissues  and  in  bife.  They  are  also  found  in  plants.  Chemically 
these  bodies  consist  of  a  glycerine  molecule,  two  of  the  hjnlroxyl  groups 
of  which  are  combined  with  fatty  acid  and  the  remaining  one  with 

'Commercial  add  potauiuoi  sulphate  is  often  impnre  and  give*  a  pungent 
reducing  vapour  by  itaelf.  It  is  wdl,  therefore,  to  make  a  preliiniuHry  teat  with 
the  crystaU  alone.     The  impure  salt  can  be  readily  purified  by  cryslalliaation. 

■Acrolein  ie  the  aldehyde  of  aUyl  alcohol  and  has  the  formula  CH,=CH  -  CHO. 
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phosphoric  acid,  which,  on  the  other  hand,  haa  attached  to  it  an 
ammonium  base,  cholin.  The  tvo  molecules  of  fatty  acid  are  uaually 
of  the  same  kind,  but  they  may  be  different. 

The  structural  formula  for  a  typical  lecithin  Is  therefore : — 
rCH,-OOC(CH,)j,CH,l 
I      I  >  Steuio  Mid. 

CH-OOC(CH,)i,CHJ 
Glyoerine.  J      I 

I  /OH       CH, 

CH--0~P^O        yCH. 
[  \0-N^CH, 

PhoBphorio      ■'^----^CH,  -  CHjOH. 
a«id.  CholiD. 

Cholm  is  closely  related  chemically  to  certain  basic  bodies  occurring 
in  plants,  one  of  which  is  muscarin,  au  alkaloid  with  a  strong  pharma- 
cological action  on  the  heart  and  glands.  Cholin  itself  has  a  pro- 
nounced pharmacological  action,  thus,  it  produces  a  marked  fall  in 
blood  pressure.  In  the  free  state  cholin  is  not  present  in  the  blood, 
for  it  appears  that  the  cholin  liberated  in  the  intestine  by  the  break* 
down  of  lecithin  is  destroyed  before  absorption.  During  degeneration 
of  nervous  tissue,  of  which  lecithins  are  important  constituents,  cholin 
may  appear  in  a  free  state  in  the  blood;  in  such  cases  it  can  be 
recognised  by  adding  pladnic  chloride  to  an  alcoholic  extract  of  blood, 
or  cerebro-spinal  fluid,  when  crystals  of  choline  platinochloride  separate 
out.  These  are  yellow  in  colour  and  octahedral  or  prismatic  in  shape. 
Similar  crystals  are  produced  by  adding  platinic  chloride  to  ammonium 
or  potassium  chloride,  but  the  cholin  crystals  can  be  distinguished  from 
those  by  adding  a  strong  solution  of  iodine  in  potassium  iodide,  when 
the  choline  crystals  become  changed  into  dark  brown  plates,  which 
afterwards  change  into  oily  droplets. 

From  their  chemical  structure,  we  see  that  the  lecithins,  besides 
being  closely  related  to  fats,  bear  some  relationship  to  the  nucleins; 
both  contain  phosphorus,  and  it  bos  been  suggested  that  the  phosphorus 
of  nuclein  is  derived  from  the  phosphorus  of  lecithin.  The  lecithins 
can  also  form  various  combinations  with  proteins.  These  are  some- 
times called  lecithides.  The  lecithins  are  split  up  by  lipase  and 
possibly  reconstructed  in  the  various  tissues  in  which  they  are  found 
present.  Further  indication  of  their  importance  in  the  animal  economy 
is  found  in  the  fact  that  they  can  act  on  the  so-called  complement  in 
the  taking  of  red  blood  corpuscles  by  such  substances  as  snake  venom. 
They  are  important  constituents  of  the  cell  wall,  and  have  therefore  to 
do  with  the  process  of  absorption  into  the  cell. 

The  lecithinB  can  be  recognised  chenu'cally  by  their  decomposition 
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products.  For  example,  when  they  an  saponified,  as  above  deatsribed, 
they  yield  fatty  add,  glyceriDpbosphoric  add  and  oholin.  Olycerine- 
phoepboric  acid  is  readily  formed  by  bringing  together  glycerine  and 
phosphorie  acid. 

Cholesterol. 

Although  soluble  in  the  same  solvents  as  fals  and  the  lecithins, 

cholesterol   is   not   a    fat,    but    belongs    to    an    entirely    difierent 


iIkMidI  DuioiRed  MO  dl 


chemical  group,  namely,  that  of  the  terpenes.  The  terpenea  are 
oommon  in  plants,  examples  of  them  being  camphor  and  turpentine. 
By  its  reactions,  cholesterol  can  be  shown  to  contain  a  double  linking 
and  an  alcobol-hydroxyl  group.  The  following  formula  has  been  sug- 
gested for  it : — 

{OH,),  -  CH  -  CHj  -  CH,  -  Ci-Hjg  -  CH  -  CH, 

-—        CH, 


^i 


(OH). 
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Like  the  lecithins  it  is  very  widely  distributed  in  the  animal  body. 
Id  the  free  state,  it  is  present  in  the  envelope  and  stroma  of  the  rod 
blood  corpuscles ;  as  an  ester,  it  is  present  in  the  blood  serum.  It  is 
also  present  in  bile,  and  it  may  separate  out  from  this  to  foim  calculi, 
following  a  catarrhal  state  of  the  mucosa  of  the  bile  duct«.  A  variety 
of  cholesterol,  called  isocholesterol,  is  found  in  lanoHn  (purified  wool 
fat).  Although  we  do  not  know  much  about  its  functions  in  the 
animal  body,  yet  there  are  indications  that  these  must  be  important. 
Thus,  if  added  along  with  lecithin  to  a  suspension  of  red  blood  cor> 
puscles,  it  prevents  haemolysis.  It  also  antidotes  the  haemolytio  action 
of  saponin.     (See  p.  462.) 

Advanced  ExpBRiMKNT.  Preparation  of  Cholesterol  ftom  Oall-Stones.— 

Tha  gall-stones  are  finely  groaud  anit  boiled  with  05  per  cent,  alcohol.  Th» 
aluoholic  sitnct  is  filtered  hot  and  allowed  to  cool,  when  crfstali  of  cholesterol 
■epiumte  out  and  can  be  filtered  off,  preCerably  with  raction,  niing  a  perfbrat«d 
porcelain  plate  fitted  in  ■  glass  funnel  and  covered  with  a  disc  of  filter  paper.  Th> 
crystab  are  washed  with  a  little  cold  alcohol,  and  raa;  be  Te.crystallised  from  hot 
alcoiioL 

Advahoid  BxpEKiHBNT.  Piepuktlon  of  Cholesterol  ftom  Tissnes,  t-a- 
Brain. — The  tiisae  is  minced  and  than  gronnd  in  a  mortar  with  sand  and  about 
three  times  Its  weight  of  plaster  of  Paris.  After  standing  for  some  honrs  ttw 
mass,  which  has  now  set  hard,  is  gronnd  in  a  mortar  and  cold  acetone  gradually 
added.  This  extracts  the  cholesterol  alone.  The  acetone  is  filtared  and  the 
extraction  repeated  three  times.  On  evaporation  of  theeitraot  almost  pnre  choles- 
terol is  obtained.    This  may  be  re-crystallised  from  hot  alcohol.    (Bosenbeim.) 

Cholesterol  is  recognised  by  a  number  of  colour  reactions,  of  which 
the  most  important  are  described  in  the  following  experiments : — 

ExpRRiMBNT  IX.  Place  some  cholesterol  crystals  on  a  microscopic 
slide  and  distribute  them  with  a  glass  rod,  and  eiiamine  under  the 
microscope ;  or  better,  dissolve  some  in  absolute  alcohol,  place  a  drop 
of  the  solution  on  a  slide,  and  allow  it  to  evaporate.  The  crystals  are 
colourless,  glancing  rhombic  plates  having  usually  a  square  piece 
removed  from  one  comer.  (Fig.  226.)  The  crystals  give  distinctive 
colour  reactions. 

Place  some  cholesterol  crystals  under  a  cover  slip  on  a  microscopic 
slide,  and  allow  a  drop  or  so  of  a  mixture  of  5  part«  sulphuric  acid 
(cone.)  and  1  part  water  to  run  under  the  cover  slip.  Note  that  the 
edges  of  the  crystals  become  red.  Now  run  in  a  drop  of  iodine  solution, 
when  it  will  be  noted  that  a  play  of  colours  results  (brown,  violet,  blue, 
etc.). 

Other  colour  reactions  can  be  obtained  with  solutions  of  cholesterol. 

ExPBRraBNT  X.  Dissolve  some  cholesterol  crystals  in  a  few  ce. 
of  chloroform,  and   add  an  equal  volume  of  sulphuric  acid  (oodc.). 
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Shake  gently.  On  settling,  it  will  be  seen  that  the  chlorofonnic 
solution  becomes  coloured  blood  red  and  afterwards  purple,  and  the 
sulphuric  acid  shows  a  green  fluorescence.  If  the  chlorofonnic  solution 
be  moistened  with  water,  as  by  pouring  it  into  a  moistened  test  tube 
the  colour  disappears.     (Salkowski's  reaction.) 

ExPKRiHSNT  XI.  Dissolve  some  cholesterol  in  acetic  anhydride, 
and,  after  cooling,  add  some  sulphuric  acid  (cone).  A  play  of  colours 
results,     (Liebermann'a  reaction.) 

Pbotagon. 
This  name  is  given  to  a  crystalline  substance  containing  phos- 
phorous and  nitrogen.  It  can  be  prepared  from  brain  tissue  by 
various  methods,  but  perhaps  most  simply  by  extraction,  by  means  of 
hot  acetone,  of  a  mixture  of  gypsum  and  brain  tissue  (see  p.  319),  from 
which  the  cholesterol  has  been  preWously  removed  by  treatment  with 
cold  acetone.  The  hot  extract,  after  filtration,  deposits  crystals  of 
so-called  protagon  on  cooling.  By  fractional  precipitation,  or  by 
treatment  with  different  solvents,  protagon  can  be  shown  to  be  a 
mixture  of  different  lipoids,  some  of  which  contain  large  amounts  of 
phoepfaoms  (sphingomyelin),  whilst  others  are  phosphorus  free  (phreno- 
sin).  Hydrolysis  of  protagon  yields  galactose,  choline,  and  other 
bases.    (See  table,  p.  321.) 

Fat  Values. 

For  mftny  rewoDt  it  ia  important  that  tbe  ph;«iologiit  and  h;gienitt  thonld  be 
acqiuinted  with  tha  cbemicol  methods  aied  for  dlitioguiihing  tha  varioni  fata. 
It  is  by  an  application  of  auch  methods  that  the  pbyaiologiat  has  baen  able  to 
ahow,  among  other  things,  that  forced  feeding  with  a  fat-ricli  diet  (after  previoua 
■tarvatton)  leadi  to  the  depoaition  in  the  tiiauea  of  fata  very  aimilar  to  thoae 
-contained  in  the  food.  By  auch  metfaoda,  also,  the  hygianUt  i«  able  to  tell  when 
butter,  for  example,  ia  of  proper  compoaitlon,  for  it  is  eaay  for  the  mercbant  to 
■abatitnte  other  fat«  (oleDmaTgarine)  for  it. 

Tbe  following  are  the  moat  important  of  theae  methods  : — 

I-  HelUnS  Point. — The  method  for  ettimatiog  tbia  boa  been  given  on  p.  277. 
The  absorbability  of  a  fat  from  the  intestine  varies  inversely  with  its  meltjng 
point,  t.g.  mutton  fat  with  a  melting  point  of  41°-C1°C.  la  absorbed  maoh  mora 
slowly  than  is  pig  fat  with  a  melting  point  of  3G°-46°C. 

II.  Specific  Oravity. 

ExFBBiHiHT.  Melt  pieceaof  hotter  and  of  oleomargarine  in  two  small  evapora- 
ting diahea,  and  drop  the  melted  fata  into  alcohol  at  room  tempentnre  (16°  C). 
The  butter  will  sink,  but  the  oleomargarine  will  float,  since  it  is  oompoeed  of  fats 
of  lower  apeoific  gravity  than  thoae  of  butter. 

III.  Acid  Value.— Tbia  refers  to  the  atnoont  of  free  fatty  acid  which  tbe 
apecimen  of  fat  contains.  When  fata  become  rancid,  the  acid  value  rise*  con- 
siderably. 
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ExpERiHENT.  Diuoh-e  1  grm.  of  fkt  (bntt«r)  in  m  little  alcohol  u  pouible 
(with   the   ftddition  of  ether,  if  oecesaarj),   and,  after  adding  a  few  drops  of 

phenol phthftlein  titrate  with  -^  KOH,     The  reault  is  exprewed  u  the  nninber  of 

milligranis  dF  KOH  required  U>  neutralise  the  fatty  acid  of  1  grm.  of  fat.     Id  the 

Bubjoined  table  the  reaalt  ia  calculated  aa  oleic  acid  on  the  basia  that  1  li.c.  tjc 

KOH  equaU  01)282  grm.  oteiu  acid. 

IV.  The  Saponiflcation  Value.— This  is  a,  measure  of  the  total  amontit  of 
fatty  acid  (both  free  and  combined)  contained  in  the  fat.  The  fat  is  sapoDified 
with  a  known  amount  of  caustic  potash  which  is  in  excess  of  that  required  to 
produce  complete  saponification,  and  the  caustic  polish  which  is  not  neutralised 
in  the  process  is  ascertained  by  titration  against  standard  acid. 

EiFEKIMEKT.  Weigh  a  dry,  clean,  wide>moaihed  Erienmeyer  dask,  and  add  to 
ft  2  grm.  of  melted  and  filtered  fat.  By  means  of  a  pipette  add  exactly  35  c.c 
alcoholic  potash,  a  sample  of  which   has  just  previously  been  titrated  against 

-  HCl,  using  phenol phthalein  as  an  indicator.     Close  the  flask  with  a  cork  having 


a  wide  ^laas  tube  passing  through  it.     This  serves 
the  Sask  on  a  boiling  water  bath  for  half  an  hour. 


as  a  reSux  condenser.     Place 
ind  shake  frequently.     Then 


remove  the  &aak,  add  I  c,c.  phenolpbtbalein  solutjon  and  titrate  agunat  s  KCl. 
The  difference  between  the  amount  of  acid  now  required  and  the  amonnt  of  acid 
corresponding  to  25  c.c.  of  the  alcoholic  potash,  aa  determined  by  the  previous 
titration,  correspooda  to  the  amount  of  fatty  acids.  The  result  is  usually 
calculated  in  terms  oE  the  number  of  milligrams  of  KOH  required  lo  saponify 


1  grm.  fat.      I  c.c.  -^  KOH  e 

V.  The  Eater  lether)  value  r> 


28  gr.  KOH. 

senta  the  amount  of  fatty  acid  wbiob  is 
combined  with  glycerine.  It  is  obtained  by  deducting  the  acid  value  (HI.)  from 
the  saponification  valiii.-  (IV.). 

VI.  The  Iodine  value  is  the  percentsge  amount  of  iodine  which  a  weighed 
quantity  of  fat  can  absorb.  This  ia  proportional  lo  the  amount  of  unsaturated 
fatty  acid  (oleic,  etc.)  in  the  fat  (see  p.  314).  The  iodine  value  ia  of  great  im- 
portance {□  physiological  investigations,  since  by  it  we  can  form  an  estimate  uf 
the  relative  amount  of  unsaturated  tutly  acids  in  fats.  Its  determiuation  involves 
the  use  of  carefully  Btandardiied  solutions,  and  is  too  complicateil  for  description 

VII.  The  Beichert-Meisal  value  indicates  the  amount  of  volatile  soluble 
fatty  acids  present.  It  is  of  great  value  in  testing  the  purity  of  butter,  beiianaa 
this  contains  a  considerable  proportion  of  such  acids,  whereas  the  cheaper  fata, 
which  are  sometimes  used  as  substitutes  for  butter,  do  not  ccntain  much  of  them. 

EXPBHIHF.NT.  5  grm.  melted  fat  ia  saponified  with  aloobalic  potash,  th« 
alcohol  evaporated,  and  the  resulting  soap  dissolved  in  water  acidified  with 
sulphuric  add,  and  distilled.  The  diitillate,  which  contains  the  volatile  acida,  i» 
collected  in  a  flask  and  titrated  with  j^  NaOH,  the  result  being  expressed  aa  the 
number  of  cc.  of  dccinormal  acid  contained  in  the  distillate  from  five  grammes  uF 
fatty  subat*ncG. 


PHYSIOLOGICAL  CHEMISTRY 


I 

•8 


I 

11 


V  S  2 


hi 


i  -  * 


^    ^    ■!>    ■?    3    E    £ 
S     ^     S     i     V     V     9 

«  s  s  * 


lili 


l^i      4      8      -i      qi      CO 

g    S    "    S    S    = 


w    •   ■?    a   -   -p   9 
i   ^  J   ^   5   ?   ? 


f   f 

S    g 


!  ! 


2   3 


12  3 
5  ?  ? 


I  I    -        I"  i 


idbyGoogle 


PBACnCAL  PHYSIOLOGY 


CHAPTER  Vn. 


Mile  contains  proteins,  faU,  carbohydrate,  salts  and  water.  The  tat 
ia  suspended  in  the  form  of  a  fine  emulsion.  The  proportion  of  these 
bodies  varies  in  the  milks  of  different  animals.  Naturally  that  pro- 
vided by  the  animal  is  the  best  for  its  own  species.  The  more  quickly 
a  young  animal  grows  the  greater  is  the  percentage  of  protein  and 
salt,  in  the  mother's  milk.  Thus,  a  puppy  doubles  its  weight  in  eight 
days;  its  mother's  milk  contains  7*1  per  cent,  of  protein  and  1*3  per 
cent,  of  ash.  On  the  other  hand,  a  child  takes  half  a  year  to  double 
its  weight;  human  milk  contains  only  15  per  cent,  protein  and  0'2 
per  cent.  ash.  The  mother's  milk  forms  a  perfect  food  for  the  young 
growing  onimaJ — but  it  is  deficient  in  iron.  It  has  been  shown  t^t 
the  young  animal  has  sufficient  iron  stored  within  itself  until  it  can 
begin  to  get  its  own  further  supply  of  iron.  Thus  the  young  rabbit 
contains  within  itself  a  sufficient  supply  until  it  is  able  to  eat  green 
food.  This  is  important  from  the  medical  point  of  view,  and  shows 
the  necessity  of  weaning  a  child  at  the  proper  time  in  order  that  a 
proper  supply  of  iron  may  be  obtained  in  the  food. 

In  everyday  life  the  two  kinds  of  milk  of  the  greatest  importance 
are  cow's  milk  and  human  milk.  As  hinted  above,  the  two  milks  vary 
in  composition. 

Water.  ProUln.  Fkt.         Cirbahydrmts.         Balta. 

Cow'Binilk,  87-4  3-4  3-7  4-8  -7 

Human  milk,  0O-2  1-5  3*1  5-0  -2 

Other  milks  used  for  human  consumption  are : — 

Witer.  Pnlein.  Pit  Sugar.  Suit*. 

Goat'a,        -        -        B7-3  3-5  3-«  ft  '8 

Asa's,  92-5  1-7  '4  5-0  -4 

It  will  be  seen  that,  as  regards  cow's  and  human  milk,  the  amount 

of  fat  and  of  carbohydrate  is  nearly  the  same  in  both,  the  amount 

of  protein  and  salts  is  more  in  cow's  than  in  human  milk.     To  make 

cow's  milk,  therefore,  of  approximately  the  same  percenla^  composition 

as  human  railk,  it  ia  usual  to  dilute  it  with  an  equal  bulk  of  water 

and  to  add  fat  and  carbohydrate  iu  proportion.     This  fat  is  usually  in 

the  form  of  cream,  but,  in  the  case  of  the  very  poor,  cotton-seed  oil 

will  serve  a  similar  purpose.     Similarly  with  the  carbohydrate — that 

of  milk  is  milk-sugar  or  lactose  and  is  expensive— but  the  addition 

of   cane  sugar  serves  well  and  if  anything   renders  the  milk  more 

paUtable.     In  passing,  it  may  also  be  noted  that  a  good  non-skimmed 
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condensed  milk  diluted  in  suitable  proportions,  such  a  1  in  12  t 
with,  fomia  a  good  inespensive  eubstitute  for  butDiin  milk. 

But  when  those  alterations  have  been  made  in  cow's  milk  it  has  only 
the  same  percentage  composition — and  certain  well-marked  differences 
must  be  pointed  out.     Sueh  differences  are  :— 

(1)  The  proportion  between  the  amount  of  the  different  kinds  of 
protein  in  cow's  and  human  milk. 

Cow's  milk,  3-02  per  cent,  caseinogen,  53  per  cent.  lactalbumin. 
Human  „     1*00        „  „  -50        „  „ 

It  will  be  seen  that  human  milk  contains  relatively  far  more  lact- 
albumin than  does  cow's  milk,  so  that  even  when  cow's  milk  is  diluted 
there  is  the  discrepancy  between  the  relative  amount  of  the  proteins 
to  be  taken  into  account.  It  is  stated  that  if  lactalbiuntn  be  added  to 
diluted  cow's  milk  it  causes  it  to  yield  the  same  light  form  of  clot  as 
does  human  milk.  It  is  also  interesting  to  note  that  the  first  secreted 
milk,  colostrum,  ia  very  rich  in  lactalbumin. 

(2)  The  caseinogens  of  the  two  milks  are  not  of  the  same  composition 
either  in  percentage  or  actual  composition.  It  has  recently  been  shown 
that  a  carbohydrate  group  is  attached  to  the  caseinogen  of  human 
milk,  such  a  group  is  absent  from  that  of  cow's  milk, 

(3)  The  percentage  of  the  suits  present  dilfera  in  the  two  milks — 
cow's  milk  contains  more  calcium,  iron  and  phosphoric  acid ;  human 
milk  more  potassium  and  chlorine. 

(4)  There  is  a  provision  in  the  mother's  milk  of  protective  bodies  for 
her  offspring.  Perhaps  the  strongest  argument  for  the  human  mother 
to  nurse  her  child  wherever  it  is  possible,  is  shown  by  the  "  changeling 
experiments  "  of  Ehrlich.  This  eminent  researcher  performed  the  fol- 
lowing remarkable  experiments.  He  immunised  a  male  and  a  female 
mouse  to  the  poison  abrin  before  they  were  allowed  to  reproduce. 
He  then  crossed  the  immunised  male  with  a  non-immunised  female, 
and  the  immunised  female  with  a.  n on- immunised  male.  Upon 
the  birth  of  the  young,  it  was  found  that  those  of  the  immunised 
female  possessed  an  immunity  to  the  poison,  which  increas&l  after  birlh, 
and  was  therefore  not  derived  from  the  placenta  alone ;  whereas  the 
young  of  the  non-immunised  female — that  is,  of  the  immunised  male — 
possessed  no  immunity  towards  the  poison.  The  families  were  now 
changed  over,  the  immunised  mother  suckling  the  iion-imm\me  young, 
and  rife  versa.  It  was  then  found  that  the  once  non-immune  young 
acquired  an  immunity,  whereas  the  immune-born  young  quickly  lost 
theirs.  These  results  are  all  the  more  remarkable,  because  a  similar 
immunity  cannot  be  produced  in  the  adult  animal  by  feeding  it  upon 
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an  immimimd  oudxvet,  yet  the  young  mouse  can  be  inununiMd  tliroagh 
iu  food.  This  points  either  to  a  special  oondition  of  the  andtoxina  in 
the  milk  of  the  mother  or  to  a  special  conditaon  of  digestion  in  the 
young. 

In  order  to  study  the  chemistry  of  milk,  wa  usually  employ  cow's 
milk,  because  it  is  easily  obtainable. 

Cow's  Milk. — This  is  an  opalescent  solution,  possessing  a  ohaiaoter- 
iatic  taste,  and  of  amphoteric  reaction. 

EzPEBiHBNT  I.  Place  a  drop  of  fresh  milk  on  a  piece  of  red  litmus 
paper,  and  wash  it  off  with  distilled  water ;  a  blue  stain  is  left :  if  the 
drop  be  placed  on  blue  litmus,  a  red  stain  is  left.  This  peculiar 
reaction  is  due  to  the  fact  that  milk  contains  a  mixture  of  acid  and 
alkaline  salte.  By  ascertaining  how  much  decinonnal  acid  or  alkali  are 
required  to  produce  neutralisation  with  the  aid  of  different  indicators 
the  amount  of  each  of  these  kinds  of  salt  can  be  determined.  (See 
Titration  Methods.) 

The  specific  fframti/  of  fresh  milk  varies  between  1028  and  1*0340. 
The  more  fat  (t.e.  cream)  the  milk  contains  the  lower  is  the  specific 
gravity. 

EzPKRiHENT  II.  Estimate  by  a  hydrometer  (p.  409)  the  speoifio 
gravity  (a)  in  skimmed  milk  and  (6)  in  fresh  milk.  In  the  former  it 
is  about  10346,  in  the  latter  1-026.  By  adding  water  to  (a)  the 
specific  gravity  obviously  falls,  and  by  removing  the  cream  from  (()  it 
rises.  In  dairy  hygiene,  a  rough  estimate  of  the  richness  of  milk  in 
cream  is  obtained  by  ascertaining  its  specific  gravity,  but  it  is  clear 
from  the  above  experiment  that  some  of  the  cream  can  he  removed 
and  the  consequent  rise  iu  specific  gravity  masked  by  the  addition  of 
water.  This  fraudulent  trick  of  some  dairymen  must,  therefore,  be 
home  in  mind  before  giving  an  opinion  of  the  quality  of  the  milk. 

Fresh  milk  does  not  coagulate  on  boiling,  but  a  skin  forms  on  its 
surface.  A  similar  skin  is  produced  when  any  emulsion  containing 
protein  is  boiled,  and  in  the  case  of  milk  it  is  composed  chiefly  of 
caseinogen  entangUng  some  fat  globules.'  Its  formation  is  due  to 
drying  of  the  protein  at  the  surface  of  the  milk. 

The  Chemical  Constitusnts  of  Milk. 

L  Protfliiu. — The  chief  protein  of  milk  is  a  phospho-protein  called 

Casemogm.    This  can  be  precipitated  by  adding  to  the  diluted  milk  m, 

>  An  emulsion  ofood-Iiveroil  in  dilated  blood-iemm  u  givea  roond ;  warm  it  to 
abont  60*0.,  and  a  ikin  will  form  on  the  snrfooe.  Be  wrefnl  not  to  heat  abova 
WC,  a*  then  ooagolation  of  the  proteim  will  b«  produced. 
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weak  add,  or  by  saturating  it  with  a  neutr&l  salt     (See  Phospho- 
proteine,  p.  306.) 

EZPBRDIZNT  III.  Place  about  S  o.o.  of  milk  in  a  test  tube,  and 
dilute  with  ad  equal  bulk  of  water.  To  this  diluted  milk  add,  drop 
by  drop,  a  weak  Bolution  of  acetic  acid ;  a  precipitate  of  caseinogen, 
entangling  fat,  falls  down.  Filter  off  this  precipitate  and  wash  it  with 
water.  Now  add  to  it  a  weak  solution  of  Na^CO,;  the  precipitate 
dissolves,  and  an  opalescent  solution  of  caseinogen,  still,  however, 
containing  some  fat,  passes  through  the  filter.  By  repeated  repreoipi- 
tation  and  filtration  comparatively  pure  caseinogen  can  be  obtained, 
from  which  the  last  traces  of  fat  can  be  removed  by  treating  with 
ether. 

The  chief  property  of  caaeinogen  is  its  power  to  clot  when  treated 
with  rennin  (a  ferment  contained  in  gastric  juice)  in  the  presence  of 
soluble  calcium  salte. 

ExPBkiHRNT  rV.  Take  a  pure  solution  of  caseinogen.  Divide  it 
into  two  portions,  a  and  b.  To  both  add  about  ten  drops  of  remiin 
ferment  To  b  add  also  a  few  drops  of  a  5  %  solution  of  calcium 
chloride.  Place  both  in  the  water  bath  at  40*  C. ;  after  about  five 
minutes  examine  to  see  if  clotting  has  occurred.  It  will  be  found  that 
clotting  has  occurred  in  b  where  both  rennin  and  soluble  Ca  salts  were 
present. 

GxPBRUiENT  V,  Make  similar  experimeata  with  milk,  taking  five 
tubes,  a,  b,  c,  d,  e. 

a  "  milk  +  rennin  only. 
b  =  milk  +  rennin  +  CaCIj. 
c  =  milk  +  rennin  (heated). 
d  =  milk  +  rennin  +  potassium  oxalate  solution. 
e  =  milk  +  rennin -i- potassium  oxalate  solution   (heated  after   10 
minutes). 

It  will  be  found  that  a  clots,  but  not  so  quickly  aab;  c  does  not  clot, 
because  the  enzyme  has  been  destroyed ;  d  dots  only  after  the  addition 
of  CaClj ;  e  dote  also  on  the  addition  of  CaClj  any  time  even  after  the 
rennin  has  been  destroyed. 

From  these  experiments  we  learn  that  the  dotting  of  milk  takes 
place  in  two  stages. 

(1)  The  rearrangement  of  the  soluble  caseinogen  into  the  form  of 
soluble  casein  by  the  ensyme  rennin. 

(2)  The  combination  of  the  soluble  casein  thus  formed  with  caldum 
salts  to  form  insoluble  casein  or  clot. 

Note  that  the  ensyme  rennin  does  not  clot  the  protein ;  it  merely 
rearranges  it  in  such  a  form  that  it  can  be  clotted. 
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The  rennin  comes  from  a  precursor  pro-rennin  in 
membrane. 
The  stages  can  therefore  be  tabulated  as  follows : 
Pro-renuin  +  HCl 

\/ 

Bennin — Caseinogen  (soluble) 
Sot.  Casein  +  Ca 

\/ 

Inxl.  Casein  or  Clot. 


(Cf.  I 


■>■) 


In  order  to  stud}'  the  oouditiuna  necossary  for  the  clotting  of  niilk  a  ■olation 
of  ooaeiuogeu  may  be  prepared  by  the  following  method  (Ringer's): 

of  milk  are  mixed  with  an  equal  bulk  of  water,  and  10%  aeetio 
acid  in  added  till  all  the  caseinogen  has  been  precipitated.  The  preoipiI>at«  ia 
iilterL'd  ofT  and  thuroughly  washed  with  distilled  water  until  the  washings  are  no 
longer  acid  in  reaction.  It  is  then  removed  from  the  filter  paper,  and  ground  up 
in  a  mortar  with  solid  calcium  carbonate.  The  resulting  paste  is  thrown  into 
BOO  o.o.  of  water  placed  in  a  tall  vessel,  and  the  solution  is  allowed  to  atand  for 
several  hours.  Tlie  fat,  which  was  contained  in  Ibo  precipitate,  rises  to  tba 
surface,  thi:  calcium  carlxiunto  sinks  to  the  bottom,  and  the  intervening  fluid 
contains  tbe  caseinogen  iu  cumbiuatiun  with  calcium  as  calcium  caseinogenate, 
which  is  soluble  in  water  (Osborne). 

Three  samples  of  the  opatoscont  sulutiun  arc  removed  by  means  of  a  pipette, 
and  plaoed  in  three  test  tubes  labelled  A ,  B,  and  C.  To  A  are  added  a  few  drop* 
of  rennin  ;  to  B  a  few  drops  of  a  OS  %  phosphorio  acid  and  some  rennin ; 
to  C  a  few  drops  of  a  0'2  %  solution  of  calcium  chloride  and  some  rennin. 

The  three  teat  tubes  are  placed  in  the  water  bath  at  40"  C,  when  it  will  be 
noticed  that  coagulation  occurs  only  in  B  and  C,  iu  which,  besides  tlie  Ferment, 
soluble  calcium  salts  are  present.'  In  A,  although  no  visible  change  baa  taken 
place,  the  caseinogen  lias  been  cunvertLil  into  tbe  so-called  aoiiMe  cumin,  and  all 
that  is  necessary  for  the  produotion  of  clotting  is  the  presence  of  calcium  in 
solution.  That  this  is  so  can  be  demonstrated  by  boiling  the  solution  j4  so  as  to 
destroy  the  ferment,  tbcn  oooltiig  and  adding  a  few  drops  of  a  2  %  solution  of 
calcium  chloride,  when  a  clot  nill  at  iiiicc  fuim. 

Tlio  fluid  left  after  the  clotting  of  the  caseinogen  is  known  as  whey— 
in  this  case  reimet  whey.  If  the  caeoinogen  be  got  rid  of  by  acid,  it 
is  known  as  "acid  whey";  it  by  "salting  out,"  as  "salt  whey";  if  by 
alcohol,  "alcoholic  whey,"  and  so  on.  These  wheys  are  different  in 
composition;  for  instance,  rennet  whey  and  acid  whey  contain  lact- 
albumin,  salt  whey  and  alcoholic  whey  do  not. 

ExPKRraiENT  VI.  Apply  the  xanthoproteic  reaction  to  some  acid 
whey:  a  positive  result  is  obtained.  Apply  also  the  other  protein 
colour  tests.     Acidify  some  of  tbe  whey  with  acetic  acid  and  boil ;  the 

'The  phosphoric  acid  addcil  to  B  brings  some  of  the  Cn  salts  suspended  in  the 
opalescent  dtUd  into  solution. 
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protein  is  coagulated.  The  proteins  are  called  lact-albumin  and  lact- 
globulin. 

n.    The  Oarbohrdnite  LacbMs. 

Experiment  VII.  Boil  some  rennet  whey  which  has  been  weakly 
acidified  with  acetic  acid.  Filter  ofT  the  coagulated  proteins.  To  the 
filtrate  apply  Trammer's  or  Fefaling's  test;  reduction  is  effected. 
Barfoed's  reagent  is  not  reduced. 

Lactose  does  not,  like  dextrose,  readily  ferment  with  yeast,  but  it  is 
capable  of  undergoing  a  special  fermentation,  which  changes  it  into 
lactic  acid.  This  is  called  the  lactic  acid  fermentation.  It  depeods  on 
the  presence  of  a  microbe,  the  bacillia  acidi  ladicL  It  occurs  in  two 
stages  as  follows  :-~ 

C„HbO„  +  H,0  =  4CH3  -  CHOH  -  COOH. 
LaoUxe.  I^otio  aoid 

Some  of  the  lactic  acid  is  then  further  split  up  into  butyric  acid. 

2CH,  -  CHOH  -  COOH  =  CH,  -  CH,  -  CH,  -  COOH  +  2C0,  +  2Hj. 
Bntyrio  aoid. 

The  presence  of  these  free  acids  in  the  milk  leads  to  the  prec^niation 
of  caseinogen,  and  this  explains  the  production  of  the  curd  in  sour 
milk.  It  is  quite  a  different  thing  from  the  curd  which  is  produced  by 
rcnnin.  Thus,  it  can  be  dissolved  by  means  of  a  weak  alkali,  and  if 
rennin  be  added  to  the  resulting  solution  true  clotting  will  follow. 

Milk,  however,  will  undergo  alcoholic  fermentation  by  a  special 
fungus,  known  as  the  kepbir  fungus.  From  cow's  milk  the  dnnk 
k^ir  is  formed,  from  marc's  milk  the  drink  kouiaUs.  They  contain 
from  1-3  %  of  alcohol,  and  when  clotted  give  a  fine  clot.  For  this 
reason  they  have  been  recommended  for  invalids. 

ExPEBiuENT  VIII.  Take  some  sour  whey.  Add  a  few  drope  of  it 
to  Uffelmann's  reagent,'  when  the  dark  purple  colour  of  the  latter  will 
be  changed  to  yellow.     Test  for  lactic  acid  (see  p.  379). 

m.  The  salts  of  milk  are  chiefly  phosphates  and  chlorides  of  the 
alkalies  and  alkaline  earths.  A  trace— 000035%— of  iron  is  also 
present. 

EXFERIUKNT  IX.      THE  DBTBCTION  OF  PHOSPHATES  AMD  ChLOBIDBS. 

— Add  to  5  c.c  of  protein-free  whey  half  its  bulk  of  nitric  acid  and 
about  twice  its  bulk  of  a  solution  of  molybdate  of  ammonia  in  nitric 
acid.  Warm  gently  on  the  water  bath,  and  a  yellow  precipitate  of 
phosphate  forms.  Id  rennet  or  acid  whey  the  phosphates  may  be 
precipitated   by  ammoniated   magnesium  citrat«.     Filter.     Dissolve 
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[vecipitate  in  nibic  acid  and  heat  as  More  with  ammoniam  molybdate 
Show  the  presence  of  chlorides  hy  means  of  silver  nitrat«  test — a 
white  predpitate  insoluble  in  nitric  acid,  soluble  in  ammonia. 

Experiment  X.  The  Detection  of  Calcium  Salts. — To  some 
whey,  freed  from  proteio  by  boiling,  add  a  few  drops  of  a  solution  of 
potassium  oxalate — a  white  haze  of  calcium  oxalate  results. 

IV.  The  Fats  of  Hilk.— Examine  a  thin  film  of  milk  under  die 
microscope,  and  note  that  the  fat  consists  of  small  spherical  bodies 
which  are  transparent  and  do  not  adhere  to  one  another. 

The  fat  can  be  removed  by  shaking  the  milk  with  ether  after  the 
addition  to  it  of  a  few  drops  of  weak  XaOH  solution. 

EXPERIHRNT  XI.  To  about  6  cc.  of  milk  in  a  test  tube  add  two 
drops  of  caustic  soda  (20  %),  and  then  about  6  c.o.  of  ether.  Cover  the 
top  of  the  tube  with  the  thumb  and  shake  the  miztore,  occasionally 
lifting  the  thumb  slightly  to  allow  the  vapour  of  ether  to  escape.  The 
ether  will  dissolve  the  fat,  and  the  milk  will  become  much  less  opaqne. 
By  adding  alkali,  a  certain  amount  of  the  caseinogen  is  changed  in  ita 
physical  condition,  so  that  the  caseinogen  films,  which  lie  between 
and  thereby  hold  apart  the  fat  globules,  are  diminished,  and  conse- 
quently the  fat  globules  are  dissolved  by  ether.  So  long  as  they  an 
surrounded  by  caseinogen  molecules  they  are  not  acted  on  by  ether. 
Not  only  alkalies,  but  also  acids  can  effect  this  change. 

When  the  milk  stands  for  some  time,  the  fats,  being  specifically 
lighter,  rise  to  the  surface  to  form  the  cream,  and  if  this  be  mechanicallj 
agitated  it  solidifies  to  form  buUer.  Analysis  of  an  ethereal  extract  of 
milk  shows  that  the  fats  are  olein  40  %,  palmitin  33  %,  stearin  16  %,  and 
about  7  %  of  lower  fatty  acids,  such  as  butyrin.  There  are  minute 
traces  of  lecithin  and  cholesterol. 

Oolostnun. — The  milk  which  first  appears  during  lactation  is  yellower 
in  colour  and  of  higher  specific  gravity  than  that  secreted  later.  On 
boiling,  it  yields  a  distinct  coagulum  of  albumin  and  globulin,  and  if 
examined  under  the  microscope  it  will  be  found  to  contain  numerous 
cells — eohdrwn  eorptuda — in  the  protoplasm  of  which  fat  globules  are 
present  These  cells  are,  in  reality,  secretory  cells  of  the  mammary 
glands  which  have  been  extruded  in  the  first  portions  of  milk 

The  Quantitative  Determination  of  the  variona  Bodies  in  lOlk.— 

The  inethodB  here  deaoribed  oaa  be  employed  for  other  fluids  besides  milk. 

(1)  The  Percentage  of  Water.— A  weighed  quantity  of  milk  is  mixed  with 
«  weighed  quantity  of  fine  qturts  sand,  whiah  h>a  been  previooal;  heated  to 
rednesa  and  then  oooled  in  a  deaiooator.  The  weight  of  the  mixture  ia  aoonrately 
determined,  and  it  is  then  plaoed  in  a  hot  air  bath  heated  to  100°CI  until  all  the 
water  has  been  driven  off  and  the  weight  ia  oonatant.  The  amonnt  of  weight  lost 
oorreaponds  to  the  amonnt  of  water  wbioh  the  sample  of  milk  contains. 
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{'■i)  The  Feicentage  of  Protein.— Three  grs.  of  milk  are  diluted  with  four 
times  iU  volame  of  dialillod  water,  a  few  c.o.  of  a  aolutlun  of  Bodiuiu  chloride  ore 
luldcd,  and  tlien  a  solntion  of  tannio  acid  until  all  the  protein  has  bucn  precipi- 
tated. The  precipitate  ib  filtered  off  through  an  a»h-freo  filter  paper,  and 
thoroughly  waxhed  with  distilled  wat«r.  The  filter  paper  unth  the  precipitate 
is  removed  l«  a  Kjeldahl'a  comliuslion  flask,  and  the  nitrogen  estimated  aa 
described  on  p.  410.  The  result  multiplied  by  6-37  gives  the  tutal  amount  of 
protein  oontainpd  in  the  sample  of  milk. 

(3)  The  Percentage  of  FAt.'~Thu  dietetic  value  of  a  milk  depends  to  a 
largo  extent  on  the  amount  of  fat  it  oontftins.  There  are.  tharefore,  numerous 
methods  employed  for  the  quantitative  estimation  of  this,  some  of  which  are  only 
approximate.  The  following  method  (Adam's)  will  be  fouiid  very  simple  and 
snffioiently  accurate  for  most  purposes  : 

Measure  5  o.c.  milk  and  drop  it  on  to  a  strip  of  Adam's  fnt-free  porous  paper ; ' 
allow  this  to  dry  in  the  air  bath  at  60°C.,  then  roll  it  up  and  place  it  in  the 
extractor  of  Roxhlct's  apparatus  (see  p.  313).  The  weight  of  the  distilling  flask  is 
asoertained  before  beginning  the  extraction,  and  then  again  after  the  extraction 
has  been  allowed  to  proceed  for  about  one  hour  and  the  ether  has  been  distilled 
off;  the  increase  of  weight  gives  the  amount  of  fat  in  5  c.o.  of  milk.  Suflieient 
ether  should  bo  used  to  fill  the  Soxhiet  one  and  a  half  times,  and  it  should  be 
made  to  siphun  over  at  least  twelve  times. 

(4)  The  Percentage  of  Sagar.— Ten  c.c.  milk  are  mixed  with  twioe  that 
amount  of  alcohol  (meth.  ept, )  so  as  to  precipitate  all  the  protein,  which  is  then 
filtered  off.  The  precipitate  is  thoroughly  washed  with  alcohol,  and  the  washings 
are  then  placed  on  the  water-batb  till  all  the  alcohol  has  evaporated.  The 
contents  of  the  evaporating  basin  are  then  carefully  washed  iaU)  a  100  o.c. 
measuring  oylindor,  and  the  volume  mode  up  to  100  c.c.  This  is  then  phued  in 
a  burette  and  titrated  with  boiling  Fehling's  solution,  as  described  on  p.  4S.0 
Ten  c.c  Fehling's  solution  oorreepoiid  to  0*0670  g.  lactose,  therefore  the  numlier 
of  c.o.'b  of  the  dilat4!d  citraot  required  contains  0-0676  grm.  lactose.  In  order  to 
calculate  the  peroentage  it  must  be  remembered  that  each  c.o.  of  the  solution  in 
the  burette  corrcBponds  to  O'l  c.o.  of  the  original  milk. 

(6)  The  Percentage  of  Aah.— A  weighed  quantity  of  milk  is  evaporated  to 
dryness  on  a  water  bath  in  a  weighed  crucible.  The  crucible  is  carefully  heated 
over  a  free  flame  until  a  perfectly  dry  and  black  ash  has  been  ohtaiued.  The 
flame  is  now  strengthened  and  the  ash  is  heated  until  it  becomes  white.  The 
crucible  is  then  allowed  to  cool  in  a  dosiooatcir,  after  which  it  is  weighed. 


CHAPTER  VUI. 
BLOOD. 

To  the  unaided  eye,  ordinary  vertebrate  blood  appears  to  be  a  homo- 
geneous red  fluid,  but  microscopical  examination  shows  that  the  red 
colour  is  really  due  to  certain  formed  elementa,  the  red  corpuscles, 
'  The  paper  can  be  obtaineil  from  any  of  the  dealer*. 
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Biiapended  in  an  almost  colourless  fluid,  the  plasma.  In  this  fluid,  too, 
are  certain  other  corpuscleB,  which,  being  colourless,  are  known  as  the 
white  corpuBclea.  When  blood  ia  shed,  it  set«  at  fint  to  a  red  jelly. 
After  a  time  this  jelly  contracts  and  gradually  squeezes  out  a  pale 
yellowish  fluid,  known  as  the  serum.  The  blood  of  different  species 
clots  at  different  rates,  but  the  process  is  essentially  the  same. 


Thk  Clotting  of  Blood. 

Demonsfratioa. — Inspect  the  blood  clot  in  the  large  vessel  placed 
for  demonslxation  purposes.  Notice  that  the  shrunken  clot  floats  in 
the  serum.  If  it  be  a  clot  of  horse's  blood,  notice  the  "buffy  ooat"  at 
the  top,  due  to  the  fact  that  the  heavier  red  corpuscles  have  bad  time 
to  sink  before  the  blood  clotted,  thereby  leaving  the  white  corpuscles 
in  abundance  at  the  top.     These  form  "  the  haSy  coat." 

ExPEKiKENT  I.  Carefully  sterilise  a  needle,  prick  the  finger,  and 
draw  some  blood  into  a  fine  capillary  tube.  Place  aside  and  examine 
under  the  microscope  at  the  end  of  the  lesson. 

In  order  to  Btudy  the  nature  of  the  processes  involved  in  the 
coagulation  of  blood,  it  is  essential  to  stop  clotting  from  taking  place. 
This  can  be  done  in  several  ways,  such  as  by  receiving  blood  into 
certain  neutral  salts  (\  volume  of  magnesium  sulphate,  equal  volume  of 
sodium  sulphate),  or  into  a  soluhls  citrate,  oxalate,  or  fluoride.  How 
those  bodies  act  we  shall  consider  later.  Upon  standing,  the  corpuscles 
will  gradually  sink,  and  the  supernatant  plasma  can  be  pipetted  oflf,  or, 
what  is  better,  the  mixture  can  be  centrifugalised  and  the  plasma 
more  quickly  obtained.  The  plasma  bears  the  name  indicating  its 
method  of  preparation;  we  get  therefore  "sati«d^{a^nia,"  with  magnesium 
sulphate  and  sodium  sulphate,  "oaiiate  plasma,"  "fivoride  plasma" 
and  so  on. 

EXPERIHBNT  11.  Of  the  "salted  plasma"  provided,  take  about 
5  c.c.  in  three  tubes,  a,  b,  c.  Dilute  each  six  times  with  water.  Leave  a 
as  it  is.  To  b  add  a  few  drops  of  serum.  To  c  add  a  few  drops  of 
serum  which  has  been  previously  heated  for  several  seconds  at  60°  C. 
Place  all  three  in  a  water  bath  at  37°  C.  Note  that  a  and  e  clot  at 
about  the  same  time,  b  clots  much  more  quickly. 

From  this  we  learn: — (I)  that  salted  plasma  clots  on  dilution;  (2) 
that  the  process  is  quickened  by  the  addition  of  serum ;  (3)  that  the 
quickening  power  of  the  serum  is  destroyed  by  previously  heating 
to60'C. 

Experiment  III.  Take  about  5  c.c  of  oxalate  plasma  in  four 
tubes,  a,  b,  c,  d.    Leave  a  as  it  is.    Tob  add  a  few  drops  of  serum.    To  e 
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add  a  few  drops  of  calcium  chloride  solution.  To  d  add  an  equal 
volume  of  saturated  sodium  chloride  aolution.  Filter  off  the  flocculent 
precipitate  and  keep  for  the  next  experiment,  which  should  be  per- 
formed as  Boon  as  possible.  To  the  filtrate  add  some  calcium  chloride 
solution.  Place  all  in  a  water  bath  at  37°  C.  It  will  be  found  that  a 
has  not  clotted,  that  b  and  e  have  clotted,  that  the  filtrate  c^  has  not 
clotted. 

From  these  experiments,  we  gather  (1)  that  blood  will  not  clot  when 
the  calcium  salts  have  been  removed  by  an  oxalate ;  (2)  that  serum  can 
clot  oxalate  blood  (that  is,  blood  without  the  presence  of  calcium  salts), 
because  it  contains  the  necessary  enzyme  already  formed  in  it;  (3)  that 
oxalate  blood  will  clot  when  calcium  is  added  to  it,  because  with  free 
calcium  available  the  coagulating  enzyme  is  formed ;  (1)  that  the  body 


coagulated  is  a  protein  thrown  out  of  solution  by  half  saturation  with 
sodium  chloride  solution.  This  body  is  known  as  fibrinogen.  It  is 
insoluble  in  distilled  water  and  easily  thrown  out  of  solution  by 
saturation  with  salts,  and,  therefore,  belongs  to  the  globulin  class  of 
proteins. 

ExPBRtUENT  IV.  Quickly  redissolve  in  wat«r  the  precipitate 
obtained  in  Experiment  \l\.d.  The  salt  adhering  to  the  precipitate  forms 
a  dilute  saline  solution,  in  which  the  precipitate  dissolves.  Test  the 
solution  obtained  for  protein  by  the  colour  tests. 

ExPEBiHKNT  v.  Into  the  bent  capillary  tubes  provided  collect,  as 
shown  in  Fig.  327,  some  of  your  own  blood,  first  introducing  a  small 
quantity  of  anti  coagulant  fluid,  preferably  10  %  sodium  citrate,  since 
sedimentation  is  most  rapid  with  this  solution  ;  I  %  potassium  oxalate 
or  3  %  sodium  fluoride  may  also  be  used.  Having  sealed  off  the  ends, 
under  the  demonstrator's  supervision,  hang  it  upon  the  centrifuge  by 
the  bent  end.    With  the  plasma  so  obtained,  periorm  experimenta  such 
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u  thoM  given  in  Ezperimeat  III.  Sodium  mtrate,  it  iril!  be  found, 
acts  like  oxalate.  This  is  not  because  it  precipitates  Ae  oaldum,  but 
because  it  oombioes  with  it  to  form  a  soluble  citrate,  a  salt  whiob  does 
not  ionise  (dissociate)  in  solution,  and  therefore  leaves  no  cakuum  free 
to  aid  in  the  formation  of  thrombin.  If  fluoride  has  been  used,  it  will 
be  found  that  the  addition  of  calcium  salts  to  the  plasma  does  not  cause 
a  clot  to  form,  showing  that  the  fluoride  in  some  way  prevents  the 
formation  of  the  enzyme  from  the  pro-enrTme. 

We  are  now  iu  a  position  to  discuss  the  chief  phenomena  concerned 
in  the  coagulation  of  blood.  We  have  learnt  that  a  soluble  protein, 
fibrinogen,  under  the  action  of  an  ensyme  called  thrombin,  is  turned 
into  an  insoluble  protein  termed  fibrin.  In  the  absence  of  calcium 
salts  blood  will  not  clot,  not  because  this  enzyme  cannot  act,  but 
because  it  cannot  be  formed  from  the  pro-enzyme  thrombogen  in  the 
absence  of  such  salts.  It  has  recently  been  shown  also  that  the  admix- 
ture  of  tissue  juice  plays  an  important  part  in  the  liberation  of  the 
enzyme  from  the  pro-enzyme.  It  is  well  known  that  jagged  wounds 
stop  bleeding  more  easily  than  clean-cut  wounds,  as  also  do  woimds 
through  a  thick  piece  of  skin  compared  to  those  through  a  thin  piece. 
Similarly,  the  coagulation  of  bird's  blood,  which  normally  clots  very 
slowly  if  the  blood  has  not  come  in  contact  with  foreign  tissues,  can 
be  greatly  hastened  by  the  addition  of  some  tissue  juice.  This  body 
existing  in  the  tissue  juice  is  known  as  thrombokinase.  The  pro- 
enzyme is  present  in  the  plasma,  as  it  is  precipitated  with  fibrinogen 
from  bird's  plasma  on  the  addition  of  distilled  water.  In  mmmnala  the 
thrombokinase  is  also  yielded  by  the  disintegration  of  the  whit«  cor- 
pOBcles  and  the  platelets.'  We  can  therefore  draw  up  the  following 
table  for  the  coagulation  of  blood : — 

Thrombokinase  +  Thrombogen  -i-Ca  salts, 
(from  tissue  juioe.  (pUsma)  (plaama) 

white  oorpuBcles,  ^^ 

plntelptsl.  ^^ 


Thrombin  =  Fibrinogen  (soluble) 

Fibrin  (insoluble). 

(Compare  this  with  the  clotting  of  milk  (p.  328),  noting  the  difference 

'  Diflereat  authorities  hold  diStirent  views  as  regards  blood  platelets.  Some 
regard  them  as  an  aotual  oorpnsole.  Othera  look  upon  them  rather  m  produot« 
of  Mphyziated  blood — ooming  either  from  the  dieintegnttion  of  the  white  oor- 
pnBolea  or  the  fine  ooagulatioD  of  the  blood  proteins. 
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in  the  action  of   the  calcium  salts  and   in  the  part  played  by  the 
enzyme.) 

ConditionB  which  retard  Clotting. — (1)  (7o/(f— receive  the  blood  into 
a  vessel  placed  in  ice  (i.e.  keep  it  st  a  temperature  a  little  above 
freezing  point).  The  enzyme  action  is  inhibited  by  cold.  The  blood 
clots  on  wanning. 

(2)  t'mtad  vriih  blood-vessel  tmll. — "The  living  teat  tube."  This  is 
made  by  ligaturing  in  two  places  a  vein  of  a  large  animal,  such  as  the 
jugular  vein  of  the  horse.  In  the  tube  thus  formeil  the  blood  does  not 
clot,  and  if  it  be  hung  up  the  corpuscles  gradually  sink  to  the  Ixittom, 
leaving  the  unclotted  plasma  almve. 

(3)  Addition  of  ewiain  nentml  salts. — "Salted  plasma"  {cf.  Experi- 
ment II.). 

(4)  Addition  of  a  mlvble  amlate.^"  Oxalate  pUama"  (cf.  Experi- 
ment III.) 

(5)  Addition  of  a  soMiU  a(nj/e.—"  Citrate  plasma"  (see  Experi- 
ment v.), 

(6)  Addition  of  a  wluble  jluoride. — "Fluoride  plasma"  This  plasma 
will  not  clot  upon  the  addition  of  calcium  {see  Experiment  V.). 

(7)  Addition  of  leedi  exlmd  (Hirudin). — This  is  a  secretion  pi-oduced 
by  the  salivary  glands  of  the  leech,  and  which  can  be  obtained  by 
extracting  the  heads  with  water.  It  acts  because  it  contains  an  anti- 
thrombin. 

(8)  Coniad  with  oil. — Receive  the  blood  into  a  smooth  vessel  smeared 
with  oil. 

{9)  ItUra-mlam  melkoiii. — These  consist  in  injecting  certain  substanocs 
into  the  blootl- vessels  of  the  animal  before  bleeding  it.  These  sub- 
stances are : — 

(a)  Commercial  peptone,  which  consists  mainly  of  proteoses. 

{^)  Soap  solution. 

{•/)  A  weak  alkaline  solution  of  nueleo-protein  injected  .s/oia/y— the 
so-called  "  negaiive  phase  "  of  nucleo-protein  injection. 

Peptone  acts  by  causing  the  liver  to  form  a  large  amount  of  an/i- 
Ihromlnn,  which  normally  beeps  blood  from  clotting  inside  the  vessels. 
The  exact  action  of  nucleo-protein  is  not  well  understood. 

Conditions  vMcb  batten  Clotting. — (1)  Bali/  tenipnuliire. 

(2)  The  ad'lUim  of  some  doited  Hood  (clot  or  serum). 

(3)  Aifilation,  e.g.  whipping  the  blood  with  a  hunch  of  twigs.  This 
is  a  very  general  method  of  keeping  blood  fluid  when  it  is  not  desired 
to  study  the  phenomena  of  clotting.* 

'It  IB  important  to  remonibtr  that  this  ia  no  longer  normal  blood,  but  de- 
fibrinated  Mood. 
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(4)  Contact  wiih  a  roagh  swfaee  (cf.  effect  of  receiving  into  oil). 

(5)  Addiiion  of  ealdum  saUa. 

(6)  /nfra-wtom  m^hods  causing  blood  to  clot  within  the  veseele : — 
(a)  Injury  or  death  of  blood-vessel  wall.   When  an  artery  is  cruahed, 

as  in  a  contused  or  lacerated  wound,  a  clot  forms,  which  acts  as  a 
natural  plug  to  prevent  haemorrhage.  When  the  arterial  wall  under- 
goes degeneration  a  clot  or  ihrombvs,  as  it  is  termed,  maj  form. 
Similarly,  when  a  blood-vessel  is  ligatured  the  inner  coat  is  injured, 
and  a  clot  forms  for  a  short  distance  from  the  ligature.  This  clotttQg 
is  due  to  the  liberation  of  thrombokinase  from  the  injured  tissues, 
causing  the  formation  of  some  thrombin.  That  the  clot  does  not  exteDd 
indefinitely  in  the  blood  is  due  to  two  causes :  (a)  thrombin  is  adsorbed 
into  the  fibrin  it  precipitates ;  and  (d)  the  formation  of  an ti  thrombin. 

{b)  Rapid  injection  into  a  vein  of  a  strong  alkaline  solution  of 
nucleo-protein ;  the  so-called  "positive phase"  of  nucleo-protein  injection. 

Preparation  of  Fibrin  Ferment. — Blood  temm,  or  some  defibrinated  blood, 
is  mixed  with  tweoty  times  its  bulk  of  oloohoL  A  copioos  white  preoipit«te  is 
obtained.  Allow  thii  lo  stand  under  the  aloohol  for  two  months.  By  this  time 
all  the  other  proteins  present  will  be  coagul&ted,  eioept  fibrin  ferment.  The 
fluid  is  pipett«d  off,  the  sodioient  oarefully  oollect«d  on  a  filter,  sad  after  the 
alcohol  has  drained  off  ground  up  in  a  mortar  with  water.  This  extroota  the  fibrin 
ferment.     Filler,  and  keep  filtrate. 

B[XX)D  SSRVM. 
Proteins.     Kxpekihknt  VI.     Divide  into  three  portions— a,  b,  c. 

(a)  Allow  a  to  drop  gradually  into  a  beaker  filled  with  distilled  wator; 
a  cloud  forms  round  each  drop  as  it  mixes  with  the  water.  This  is  due 
to  the  precipitation  of  the  globulin  present,  as  there  is  now  too  little 
saline  present  to  keep  it  in  solution. 

(b)  Saturate  h  with  crystals  of  magnesium  sulphate ;  a  precipitate  of 
globulin  occurs.  Filter.  Show  that  the  filtrate  contains  albumin  (i) 
by  faintly  acidifying  with  acetic  acid  and  heating  in  a  water  bath — note 
the  temperature  at  which  the  albumin  coagulates  (77°-79*  C.) ;  (ii)  fully 
saturating  the  solution  with  ammonium  sulphate. 

Uedissolve  the  precipitate  of  globulin  in  water ;  faintly  acidify  and 
note  the  temperature  of  heat  coagulation  (75'  C). 

(e)  To  c  add  an  equal  amount  of  fully  saturated  Am^SO,  (half 
saturation).  The  globulin  is  precipitated.  Filter  and  fidlt/  saturate 
(add  solid  crystals)  with  Am^SO^ ;  a  precipitate  of  albumin  results. 

Salts. 

Experiment  VII.  Faintly  acidify  the  serum  and  boil  to  coagulate 
the  proteins.     Filter.     Test  the  filtrate  for : — 
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(a)  chlorideB    by  silver    nitrate — white    precipitate  insoluble  in 

nitric  acid ; 
(J)  phosphates — white  precipitate  on  addition  of  ammoniacal 
magnesium  citrate  solution.  Filter  off  this  precipitate.  Dis- 
solve in  nitric  acid,  and  heat  with  nitro-molybdic  acid — 
yellow  precipitate ; 
(e)  sulphates— white  precipitate  with  barium  chloride,  insoluble  in 
hydrochloric  acid. 

In  all  throe  tests  phosphates  are  precipitated,  but  in  (a)  they  are 
soluble  in  nitric  acid,  in  (c)  they  are  dissolved  by  hydrochloric  acid. 
{Cf.  salts  of  urine.) 

The  amount  of  sulphate  present  is  usually  very  small.  This  filtrate 
may  also  be  tested  for  sugar  by  Fehling's  or  Nylander's  test. 

The  Estimation  of  Sugar  in  Blood.— To  estimate  sngar  in  blood  it  ia 
nceeiiBary  that  the  proteins  and  huemoylobin  be  removed.  This  is  most  easily 
doTio  by  Waymovlh  Rei/Ti  mtlhod.  Into  a  beaker  of  Sibout  600  0.0.  capacity  nre 
placed  250  c.o.  of  a  7  %  solution  of  phospho-tungalic  acid  containing  2  %  HCl 
and  the  whole  !«  weighed.  The  blood  is  then  added,  the  contents  well  stirred, 
and  the  beaker  again  weighed.  The  difference  in  weight  gives  the  amount  of 
blood  added.  The  beaker  is  thoo  heated  on  a  sand  bath  (or  better  atill  an  oil 
bath),  its  contents  being  meanwhile  briskly  stirred.  The  proteins  inoiuding 
the  haemoglobin  arc,  by  this  treatment,  precipitated  and  form  at  first  a  brown 
gummy  mass  floating  in  a  clear  liqnid.  After  a  little  the  coagnlum  becomes 
brittle  and  sinks  to  the  bottom  of  the  beaker.  Great  care  most  now  be  taken 
that  the  beaker  does  not  erack.  When  all  the  coagulum  has  settled  to  the 
iHittom,  the  beaker  is  cooled  and  the  supernatant  Quid  filtered  through  paper 
into  an  evaporating  dieli,  the  paper  well  washed  into  the  same  dish,  tho  contents 
of  the  latter  nearly  neutralised  with  NaOH,  but  left  faintly  acid,  and  the 
evaporating  dish  then  placed  on  a  lioiliiig  water  bath. 

While  tho  above  fluid  is  evaporating  the  brittle  protein  precipitate  is  removed 
from  the  henker  to  a  mortor,  ground  up  with  some  water  ill  a  chocolate -like 
paste  is  obtained  and  then  washed  on  to  a  large  suction  Qlter  plate  and  sucked 
dry.  It  is  washed  with  water  three  times.  The  washings  are  then  transferred 
to  a  2  litre  flask,  nearly  neutralised  and  boiled  down  to  a  small  volume  (50  c.o.) 
with  the  flask  on  the  slant.  The  evaporated  washings  arc  then  (nixed  with  the 
contents  of  the  evaporating  dish  (the  evaporated  supernatant  fluid)  and  the  whole 
brought  to  a  volume  of  50  c.o.,  after  which  it  is  cooled,  almost  neutralised, 
filtered  through  a  small  filter  paper,  the  filter  wnalicd  and  the  volume  of  the 
filtrate  and  washings  brought  op  to  lOO  c.c.  The  sugar  is  then  estimated  in  this 
by  one  of  the  methods  dencribed  on  page  450. 

Blood  Flasma.^All  the  above  bodies  are  present  in  plasma,  which 
contains  one  substance  in  addition,  namely,  Fibrinogen.  We  have 
already  shown  this  (Expt.  III.  i^).  Plasma,  however,  does  not  contain 
thrombin ;  serum  does. 

When  we  remember  the  function  of  the  blood  it  is  obvious  that 
there  are  many  bodies  other  than   the  above  present  in  both  plasma 
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&Dd  serum  in  small  quantities.  Thus  tiie  blood  camea  the  food 
materials  to  the  tisauea,  and  the  products  of  metabolism  away  from 
them.  We  have,  therefore,  in  addition  to  ammonia,  small  quantities  of 
nitrogenous  extnictives : — urea,  uric  acid,  oreatanio,  xanChin,  hypo 
xanthin,  etc. ;  of  non-nitrogenons  extractives,  fats,  oholestorol,  lactic 
acid,  and  other  organic  acids. 

In  the  plasma,  too,  in  very  minute  quantities,  are  bodies  which  play 
an  important  part  in  regulating  bodily  functions — namely,  the  iatenial 
eecretione  of  such  glands  aa  the  thyroid,  parathyroid,  suprarenal, 
pituitary  and  sexual  organs;  also  such  protective  bodies  as  immune 
bodies,  antitoxins,  haemolysins  and  precipitins. 

The  percentage  composition  of  the  plasma  varies  with  different 
animals.    The  following  are  two  analyses ; 

Water,         ....      90-291  90'80\ 

SoUda,         ....       971/  918/ 

...  .       , fibrin,  .  -40  l-Ol 

^»^""<other.         -       7-88  776 

Extroolivea,  -        -  -66  -S2 

Inorguiia  salta,     .        .  -SS  -SI 

It  will  be  seen  that  the  amounts  of  the  different  proteins  present 

vary  in  the  pisama.    This  can  also  be  seen  from  the  following  tftble 

showing  the  amount  in  1000  parts  of  plasma: 

M&D,     ...        72-6  40-1  28-3  4-2 

Dog,     •       -       ■       60-3  317  22-6  flfl 

Sheep,  .        .        72-9  38-3  30-0  4-6 

Horse,  .        80-4  28-0  47-0  4-S 

When  it  is  remembered  that  each  of  these  proteins  has  probably  also 

a  different  composition,  it  can  easily  be  realised  bow  different  in 

composition  are  the  plasmas  of  different  animals  (see  also  chapter  on 

Precipitins,  etc.). 

Thb  Chehistry  of  thb  Lbucocytbs. 

These  are  morphologically  the  same  as  other  cella,  and  they  contain 
the  same  chemical  substances.  Tha  prol<^la^n  consists  mainly  of  water. 
The  aolida  oonaiat  of  varioua  proteins,  which  chiefly  belong  to  the 
group  of  compound  proteins  (gluco-protcins  and  nucleo-proteins),  and 
there  is  also  a  small  amount  of  albumin  and  globulin.  The  protoplasm 
may  also  contain  such  substances  as  glycogen,  fat,  mucin,  etc,  which 
have  either  been  produced  by  the  activity  of  the  protoplasm,  or  which 
are  aimply  depoaited  in  the  cell  for  storage  purposes. 

The  nudais  seema  to  consist  mainly  of  nucleo-proteina,  nuclein  and 
nucleic  acid.  The  nucleo-protein  of  the  nucleus  is  said  to  contain  a 
higher  percentage  of  phoaphorua  than  does  that  of  the  protoplasm. 
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The  Haemocytes  or  Red  Blood  Corpuscles. 

Structurally  these  are  said  to  consist  of  a  stroma  containing  in  its 
meshes  a  chromo-protein  called  Eaamoglobiu.  It  is,  however,  impossible 
to  demonstrate  this  stroma  hislologicaliy,  and  some  authorities  believe 
that  the  haemoglobin  la  merely  contained  in  a  colloidal  state  in  a 
protein  envelope. 

Chemically  they  contain  about  60  %  of  water  and  nearly  36  %  of 
haemoglobin,  the  remaining  4  % — represented  by  the  so-called  stroma — 
couaisting  of  lecithin,  cholesterol  and  nucleo-protein. 

Haemoslobin.— This  ia  a  compound  protein  containing  0-4  %  of  iron. 
When  decomposed  by  acids  or  alkalies  it  splits  up  into  a  protein  of 
the  nature  of  a  histone  (see  p.  305)  called  globio  and  into  a  pigment 
called  haematin,  which  contains  all  the  iron.  A  pure  solution  of 
haemoglobin  can  be  obtained  by  centrifugalising  detibriiiated  blood,' 
removing  the  serum  with  a  pipette,  shaking  up  the  corpuscles  with  a 
0-85  %  sodium  chloride  solution '  (which  is  nearly  uolank  for  the  blood 
of  the  03C,  horse,  or  man),  and  again  centrifugalising. 

By  this  means  the  corpuscles  are  thoroughly  washed  free  of  serum, 
etc.  They  are  then  collected  and  treated  with  two  or  three  times  their 
bulk  of  distilled  water,  in  this  the  haemoglobin  dissolves,  a  deep  red 
solution  resulting. 

Experiment  VIII.  Heat  carefully  some  haemoglobin  solution.  It 
decomposes  at  about  60' C,  and  the  protein  coagulates  on  further 
heating.  Also  test  the  solution  for  protein  ;  it  gives  several  of  the 
ordinary  protein  reactions,  but  in  each  case  a  splitting  into  protein 
and  haematin  simultaneously  ensues. 

Besides  being  dissolved  out  by  distilled  water  the  haemoglobin  may 
be  set  free  from  the  red  corpuscles  by  (i)  warming  to  50°  C;  (ii)  the 
addition  of  a  little  ether,  or  of  dilut«  ammonia  solution ;  (iii)  the 
addition  of  bile,  saponin,  or  the  serum  of  another  species  of  animal. 
The  'Making"  of  blood  can  be  recognised  by  the  greater  translucency 
of  the  laked  blood  (see  also  chapter  on  Haemolysis). 

Experiment  IX.     Compare  tul>es  of  :— 
(a)  whipped  blood  diluted  with  distilled  water ; 
{b)  whipped  blood  diluted  with  physiological  saline. 

'  Horses'  blood  should  be  used  for  this  purpose  u  the  ootpiiBcleB  rink  mora 
quiokly  thim  do  tho  oorpoBoles  of  any  other  blood. 

■A  salt  solution  of  this  strength  has  the  same  oani 
of  the  red  blood  oorpusote,  and  ecnsequentlf  no  (welliog 
oorpUBcle  Is  produoed. 
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Th&t  haemoglobin  oontains  iroa  oau  be  shown  hy  the  following 
experiment : — 

EXPiiBiHENT  S.  DissolTe  some  dried  blood  b;  heating  with 
strong  nitrio  acid.  Evaporate  nearly  to  dryness  in  a  dish.  Dissolve 
in  water  and  add  potassium  sulphocy&nide  solutioii.  A  blood-red 
colour  indicates  the  presence  of  iron. 

Oiystala  of  haemoglobin. — These  are  most  easily  obtained  from  such 
animals  as  the  rat  or  guinea-pig;  with  more  difllculty  from  man  and 
most  other  mammals. 

Experiment  XI.  Mix  a  drop  of  rafs  blood  with  a  drop  of  water 
apon  a  slide.  After  several  minutes  examine  onder  the  microscope  for 
haemoglobin  crystals. 

Haemoglobin,  as  we  have  seen,  is  a  compound  protein  oonslstiiig  of 
two  parts,  the  iron  containing  portion  "haematin"  and  the  protein 
portion  "gUMn."  Haematin  has  the  formula  C^HgN^OfFe.  It  itself 
does  not  crystalliae,  but  a  compound  of  haematin  with  hydrodiloric 
acid  and  some  other  body  (acetic  acid,  or  an  alcohol  according  to  the 
method  of  preparadon)  called  haemin  can  be  obtained  from  haemo- 
globin, which  crystallises  in  chocolate-brown  rhombic  plates.  This 
forms  one  of  the  chemical  tests  for  blood. 

ExPKRiMtCMT  XII.  Preparation  of  Baemin  On/stalt. — Place  a  drop  of 
blood  upon  a  glass  slide  and  warm  until  dry.  Scrape  loose  the  brown 
residue,  add  a  little  glacial  acetic  acid,  cover  with  a  cover  glass  and 
warm  very  gently  until  bubbles  form.  Eemove  from  flame.  If 
necessary  add  a  little  more  acid,  and  warm  again  till  bubbles  form. 
Repeat  the  operation  two  or  three  times.  When  cold  examine  with 
microscope  for  the  dark-brown  haemin  ciystals  (Fig.  226). 

There  is  sufficient  chloride  in  blood  to  give  the  test  without  the 
addition  of  any  sodium  chloride.  If,  however,  an  old  blood  stain  be 
used,  it  is  necessary  to  add  a  small  crystal  of  sodium  chloride  in  case 
the  chloride  of  the  blood  has  been  washed  out  Bromide  or  iodide  maj 
be  used  iustead  of  chloride,  yielding  a  haemin  with  a  corresponding 
change  in  composition. 

Another  chemical  test  for  blood  depends  upon  the  fact  that  the  iron 
containing  portion  of  the  haemoglobin  will,  in  the  presence  of  such 
oxidising  agerit«  as  hydrogen  peroxide,  or  old  "ozonised"  turpentine, 
convert  a  coloured  body  like  tincture  of  guiac  (red)  to  another 
coloured  derivative  (blue). 

ExPERiuENT  XIII.  Boil  some  diluted  blood.  Add  2  drops  of 
tinctura  of  guiac  (or  of  an  alcoholic  solution  of  guaicoiiic  acid), 
then  sufficient  alcohol  to  dissolve  the  precipitate,  and  lasltg  a  little 
ozonic  ether,  ozonic  alcohol,  or  old  oil  of  turpentine.    A  blue  colour 
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formed  in  the  presence  of  blood.  Ascertain  in  what  dilution  blood 
gives  this  teat.     Ozonic  ether  and  alcohol  contain  hydrogen  peroxide. 

The  solution  is  first  boiled  to  destroy  any  oxidising  enzymes  present. 
These  bodies  can  effect  the  same  change,  as  also  can  many  salts  of 
metals,  such  as  copper,  iron,  gold,  cobalt,  strong  sodium  chloride 
solution,  and  various  other  fluids  such  as  miik,  saliva,  mucus,  sweat. 


Fio.  ns— HumJn.     xtHO. 

and  juices  of  vegetable  origin  (extract  of  pea  flour,  fruit  juices,  etc,). 
If,  however,  the  solution  be  first  boiled,  in  the  absence  of  metallic 
Baits,  the  reaction  is  to  be  regarded  as  a  reliable  one  for  blood.  In 
any  case,  if  the  test  be  negative,  most  investigators  regard  it  as  certain 
that  blood  is  absent. 

Other  bodies  such  u  slain,  beniidiD,  the  leuoobaae  of  maloohiCe  green  and 
pbenol-pbtbiLliii  can  take  the  pUoe  of  gniac, 

Aloin  is  said  not  to  be  so  aeneitive  aa  guiao,  benzidin  is  gEuerally  reported  to 
be  mora  senaitive,  but  aooording  to  Kaatle  the  miut  sensitive  is  pbenol-phthaJine, 
witb  which  be  hu  detected  1  in  S,000,OOOof  blood. 
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EXFEBIHKNT  XIII.  o.  To  1  0.0.  of  blood  BolutioQ  add  2  0.0.  oi  phenol-phthBline 
and  hTdrogen  peroxide  reagent.'  Not«  the  parpUsh-pink  oolour  whioh  develop* 
Dpon  standing  from  B  minutea  to  1  hour.  Aaontain  in  wb»t  iegne  of  dilatioa 
a  blood  solntion  will  give  this  test 

Another  teat  for  blood  is  the  biological  test  (see  ohapt«r  on  Pre- 
dpitins). 

The  function  of  haemoglobin  is  to  oany  oxygen  to  the  tissues. 
This  power  of  taking  up  oxygen  con  easily  be  demonstiated  by 
shaking  up  venous  blood  with  air  (see  under  Spectrosoope).  The 
oxygen  carrying  capacity  of  blood  can  be  ascertained  as  follows : — 

ExpKRiMBNT  XIV.  In  the  bottle  of  a  Dupr^  apparatus  (see  Fig.  242 
in  chapter  on  Urea)  take  20  cc.  of  oxygenated  blood.  Cover  with 
dilute  ammonia.  In  the  small  tube  take  5  0.0.  of  fresh  saturated 
potassium  fenicyanide  solution.  Having  adjusted  the  water  to  the 
zero  of  the  apparatus  by  means  of  the  clip — upset  the  ferricyanide 
into  the  blood.  Shake  well  Readjust  the  level  of  the  water  and 
read  how  much  oxygen  has  been  given  off. 


CHAPTER  IX. 

THE  SPECTROSCOPIC  EXAMINATION  OF  HABMOOLOBIN  AND 
ITS   DERIVATIVES. 

A  BPECTTROSCOPE  consists  essentially  of  a  screen,  in  which  there  is 
a  small  slit,  through  whioh  light  from  any  desired  source  can  pass, 
a  prisTii,  and  a  series  of  lenses  forming  the  telescope,  through  vhich 
the  observer  looks. 

For  qualitative  work  the  small  direct  vision  speotrosoope  (Fig.  229) 
is  serviceable.  When  the  position  of  the  bands,  however,  is  required, 
one  of  the  larger  compound  forms  is  necessary. 

Adjustment  of  tiie  Spectroscope. — It  is  necessary  to  have  an  exact 
focus  of  the  image  of  the  slit.    In  the  small  direct  vision  i^ectrcKOpe  thia 

'  This  rMgent  is  prepared  aa  followB :— Phenol -phtbaUno  i*  added  in  ezoeaa  (over 

-032gniia.)tolo.aof~NaHO.    A  little  nduCtUed  water  ia  added.     ShakeweU. 

lU  vj 

Filter.  To  filtrate  add  20  0.0.  TgNaHO  and  make  up  to  exaotly  100  o.o.  witii 
redistilled  water.  Add  1  0.0.  of  3%  aommeroial  H^O^  Thia  solution  is  beat 
kept  in  the  dark.  It  ma;  go  faintly  pink  but  not  auffioiently  to  aSeot  its  valne 
in  teating  for  blood.  Water  rediatilled  fioro  glaas  abould  be  used,  ordinar;^ 
diatiUed  water  being  diatilled  from  copper.  If  thii  be  nted,  the  reagent  will  not 
keep  (Kaatle). 
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may  he  obtained  by  directing  the  instrameDt  towarda  a  white  cloud, 
and  moving  the  eye-piece  till  the  variouB  Fraimhofer  lines  are  clearly 
defioed,  or,  in  abaencR  of  daylight,  obtaining  a  clear  image  of  the  upper 
and  lower  edgea  of  tlie  slit,  i.e.  of  the  upper  and  lower  edgea  of 
the  speotnim.  The  alit  should  not  be  too  widely  open.  If  the  source 
of  light  include  a  sodium  flame,  a  dear  image  of  the  D-line  will  be 
obtained  when  the  elit  is  in  focua. 


In  th«  larper  forms  of  spedroswpe,  three  tubes  are  geuei'ally  found  radiate 
ing  from  the  central  prism  or  prisms'  (Fig.  230).  One  of  these  has  its  end 
blocked  by  a  screen,  in  which  there  is  a  slit  where  width  can  be  varied 
by  a  small  screw.  Attached  near  to  the  elit  there  is  generally  a  small 
piism,  which  can  be  moved  so  as  to  cover  half  the  slit,  and  affords  the 
means  of  introducing  a  second  source  of  light  into  the  instrument.  The 
tube,  at  the  end  of  which  is  the  slit,  is  called  the  collimator  tube,  and 
contains  a  lens  so  that  the  image  of  the  slit  can  be  brought  to  hear 
on  one  face  of  the  priem.  The  distance  of  the  slit  from  the  lens 
is  variable,  and  should  be  ad]U9te<l  so  that  the  rays  issue  from  tube  into 
the  prism  as  parallel  rays.  After  refraction  through  the  prism  they  are 
prism    form    with    i 


*  For  BtndyiDg   abaorpti 
diaperaioQ  of  the  ipectniin 


D   spectra,    the    twc 
I  leaa  well  aii&pted. 
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collected  hy  a  second  tube,  the  telescope,  aod  the  eye-piece  erf  this 
should  be  arranged  to  receive  parallel  rays  from  the  surface  of  the 
prism.  The  eye-piece  is  frvqueDtly  fitted  with  cross  vires,  if  so,  the 
eye-piece  should  be  first  adjusted  eo  that  they  are  aeeo  distinctly. 

It  will  be  found  that  the  telescope  has  some  lateral  movemeut 
BO  that  the  vertical  cross-wire  can  be  made  to  coincide  with  any 
required  part  of  the  spectrum. 

The  third  tabe  will  contain  a  small  scale  which  can  be  focuased  on  to 
the  surface  of  the  prism  and  will  then  become  reflected  along  the  axia 
of  the  telescope.  It  will  be  necessary  first  to  adjust  the  movable 
end  of  the  scale-tube  so  that  the  scale  is  in  focus,  and  it  may  be 
necessary  to  move  it  laterally  so  that  the  scale  is  brought  into  the  field 
of  the  telescope. 

The  scale  must  remun  in  a  fixed  position  during  any  series  of 
observations. 

ConBtmotion  of  a  chart  for  detenniaiiig  wave-leogttu  of  buid*  OD  tha  ipectnim. 

With  the  (cale  in  fixed  poaition,  notice  the  poeition  on  the  scale  of  the  sodium 
line,  and  the  line*  obMrvable  when  the  sodium  fluiie  is  replaced  bj  one  coloured 
with  a  lalt  of  strontiam,  oalcium,  lithinni,  barium,  eMUum,  and  potauinm.  Take 
obserTAtiona  of  the  poaitions  of  about  twelve  of  theae  liaea,  the  wave-lengths 
of  which  are  known.  Obtain  the  vaines  correaponding  to  theae  wave-lengUia,  and 
on  a  piece  of  paper,  mled  in  squares,  plot  out  their  position,  regarding  the 
abscissae  as  degrees  of  the  scale  and  the  ordinntes  as  wave-leogtha.  Draw  a  curve 
through  the  several  points.  The  wave-length  of  any  part  of  the  •pectruni  can 
now  be  aacertaioed.  Observe  where  such  a  part  intersects  the  scale,  follow  the 
ordinate  corresponding  to  the  degree  of  the  scale  to  the  point  of  interaection  with 
the  curve,  aud  a  Uae  parallel  to  the  abaduae  line  will  indicate  the  wave-length. 

Having  arranged  the  spectroscope  so  that  the  scale  is  illuminated  and 
visible  through  the  eye-piece,  and  the  slit  is  illuminated  by  a  light 
{an  argand  or  incandescent  burner)  placed  about  one  foot  off;  notice 
the  position  of  the  D-line  on  the  scale.  If  sodium  chloride  be  sprinkled 
into  the  illumiuating  flame,  the  D-line  will  be  manifest^  but  a  better 
method  is  to  arrange  between  the  illuminating  Bame  aod  the  slit  a 
BuDsen  flame  in  which  asbestos  soaked  with  a  strong  solution  of 
sodium  chloride  is  placed. 

A  piece  of  glass  tubing  about  two  feet  long  may  be  taken,  which  has  the  lower 
ail  inches  bent  back  to  form  an  angle  of  60°  with  the  main  stem.  This  is  61Ied 
with  6  p.c  Bolotion  of  sodinm  chloride.  The  short  arm  is  then  plugged  witb 
Mbestoa.  At  the  end  of  the  long  arm  ia  a  ahort  piece  of  robber  tubing 
damped  fairly  tightly.  This  tube  is  held  by  a  burette  clamp,  and  the  projecting 
asbestos  can  be  allowed  to  juat  touch  the  Bunaen  flame.  In  tbia  manner  & 
constant  D-line  is  furnished. 

1.  The  visible  Spectrum  of  Ozyhaemoglobin. — Take  some  defibrin- 
ated  blood  which  has  been  thoroughly  shaken  with  air,  and  dilute 
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it  with  about,  ten  times  its  volume  of  water.  Place  some  of  this  beliind 
the  slit  of  the  spectroscope,  preferably  in  a  flat-Rided  vessel  aboat  I  cm. 
thick,  but  a  test-tube  will  answer  fairly  well.  It  will  be  noticed  that 
the  whole  of  spectrum  is  blocked  out  except  a  portion  of  the  red  end. 

Dilute  this  solution  carefully.  At  a  certain  stage  some  of  the  green 
will  be  evident  (see  Spectrum  3  in  Chart),  there  being  a  wide  abaorption 
band  between  the  red  and  green.  On  diluting  still  further,  tbia  wide 
absorption  band  will  resolve  itself  into  two  bands  (Spectrum  2).  These 
two  bands  are  both  on  the  blue  side  of  the  B-line,  and  their  centres 
correspond  to  A  679  and  X  543'8.  Note  carefully  the  position  of  these 
centres  on  the  scale  and  the  width  of  tlie  bands.  Observe  also  the 
limits  of  the  visible  spectrum  at  the  red  and  blue  ends. 

On  dilutiug  still  further  it  may  be  possible  to  cause  the  band  on  the 
blue  side  to  disappear,  whilst  the  baud  on  red  side  u  still  just 
Kp|ireciable  (Spectrum  1). 

2.  The  Tisible  Spectrom  of  Haemoglobin  (reduced  Haemoglobin). — 
If  some  diluted  defibrinated  blood  be  left  standing  undisturbed  for  24 
hours,  the  oxy haemoglobin  will  lose  its  oxygen.  This  result  may  be 
arrived  at  more  rapidly  by  treating  some  diluted  defibrinated  blood 
which  shows  fairly  wide  osyhaemoglobin  bands  with  a  reducing 
reagent,  such  as  ammonium  sulphide  or  Stokes'  reducing  fluid.'  If 
ammonium  sulphide  be  used,  the  mixture  should  be  warmed.  It  will 
now  be  noticed  that  the  blood  loses  its  bright  scarlet  appearance  and 
becomes  more  purple  in  tint.  Examine  this  by  the  spectroscope, 
and  it  will  be  found  that  the  two  bands  of  oxy  haemoglobin  have 
disappeared,  and  are  replaced  by  one  band,  the  centre  of  which  in 
between  the  two  bands  of  oxy  haemoglobin.  The  band  is  a  broad  one, 
shading  off  more  gradually  on  the  red  side,  and  the  darkest  part  corre- 
sponds in  wave-length  to  \  550  (Spectrum  4  in  Chart). 

3.  The  visible  Spectrum  of  Oarbon-Monoxide  Haemoglobin. — If  a 
stream  of  carbon  monoxide,  or  even  of  coal-gas,  be  passed  through  some 
diluted  defibrinated  blood,  the  scarlet  tint  is  changed  to  a  carmine 
or  cherry  colour.  The  oxygen  is  replaced  by  carbon  monoxide. 
Examined  spectroscopically  the  blood  shows  two  bands  differing  from 
those  of  oxy  haemoglobin  in  being  slightly  shifted  towards  the  blue 
end.  The  two  bands  have  centres  corresponding  in  wave-length  to 
\  575  and  X  540  approximately  (Spectrum  5). 

The  proportion  of  red  and  blue  unabsorbed  at  the  ends  of  the  spectrum 
is  different  in  oxy  haemoglobin  and  CO-hacmoglobin,  there  being  more 
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blue  anabeorbed  in  CO-haemoglobin  thui  in  the  former.  Hence,  com- 
paring dilute  nlutionB  of  similar  strength  in  teet  tubes  of  the  same 
diameter,  the  CO- haemoglobin  has  a  distinct  bluish  tinge,  contrasting 
markedly  with  the  yellowisb-red  of  the  ozyhaemoglobin.  This  dif- 
ference of  end-absorption  can  be  beet  shoTn  as  follows :  Take  a  birly 
dilute  solution  of  ozyhaemoglobin  showing  the  two  characteristic  bands 
dearly,  bat  not  strong  enough  to  produce  any  intermediate  shading 
Note  as  carefully  as  possible  where  the  red  and  blue  are  first  visible. 
Pass  a  stream  of  coal  gas  or  carbon  monoxide  through  the  solution  by 
means  of  a  fine  nozzle  for  two  or  three  minutes.  Note  the  change  in 
colour  produced,  and  again  examine  the  spectrum.  It  will  now  be 
found  that  rather  more  of  the  blue  is  visible,  whilst  the  red  ia  un- 
altered or  slightly  more  absorbed. 

An  important  difference  between  oxyhaemoglobin  and  CO- 
haemoglobin  is  seen  in  the  effect  of  reducing  reagents.  If  CO- 
baemoglobin  be  treated  with  Stokes'  fluid  or  ammonium  sulphide, 
it  is  unchanged. 

4.  Tlu  visible  Spectrum  of  Hethaemoglobin. — To  a  solution  of  ozy- 
haemoglobin, in  which  the  two  bands  are  so  wide  as  to  partially 
overlap,  add  a  few  drops  of  a  strong  solution  of  potassium  ferricyanide. 
The  colour  changes  to  a  chocolate  tint.  If  this  be  spectroscopically 
examined,  a  distinct  band  is  seen  on  the  red  side  of  the  D-line,  the 
wave-length  of  its  centre  being  about  A.63fi  (Spectrum  12).  On 
dUuting  the  solution  down,  other  bands  may  be  seen — one  just  on 
the  blue  side  of  the  D-line  (A.S81),  another  still  further  towards 
the  blue  (A  540),  and  a  fourth  may  be  made  out  on  the  bluish-green 
(XSOO)  (Spectra  13  and  11).  The  two  middle  bands  are  probably 
not  due  to  any  traces  of  ozyhaemoglobin,  but  are  characteristic  of 
methaemoglobin. 

If  such  a  solution  of  methaem<^lobin  be  treated  with  ammonium 
sulphide,  a  transient  spectrum  of  oxyhaemoglobin  may  be  seen,  suc- 
ceeded by  a  permanent  spectrum  of  reduced  haemoglobin. 

If  the  solution  of  methaemoglobin  be  rendered  alkaline  with 
ammonia,  the  colour  changes  to  a  more  distinct  red,  and  the  absorption 
band  in  the  red  disappears  and  is  replaced  by  a  band  immediately  on 
the  red  side  of  the  D-line  (Spectrum  16  in  Chart), 

Sy  the  action  of  nitric  oxide  on  ozyhaemoglobin,  a  product  is 
formed  called  nitric  oxide  hMmo^bin.  This  is  characterised  by  two 
bands,  which  are  between  the  D  and  E-lines:  the  band  on  the  red  side 
is  somewhat  nearer  the  red  ead  than  the  corresponding  band  of  oxy- 
haemoglobin (Spectrum  16). 

If  ozyhaemoglobin  be  treated  with  a  nitrite,  as  sodium  nitrite  or 
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,Tay\  Ditrile,'  there  u  fgrmed  a  certain  amount  of  methaemoglobln 
certain  amount  of  nitric  oxide  haemoglobin.  The  combitiatioD 
of  tlie  two  gives  a  Bpeccmm  very  similar  to  simple  methaemoglobin 
(Spectrum  17  in  Chart). 

aB    C  ^ 

170;    is 


a.B  C 

II,  H< 


Fio.  Mi— AbKiTptlon  jp«cl™, 
ong  KlutliiliK  U  uDd  14,  HstbuDioglobtu  (w«k  ulu 


If  the  product  of  the  action  of  nitrites  be  treated  with  ammonium 
sulphide,  the  spectrum  passes  through  a  transient  oxy haemoglobin 
stage,  succeeded  by  reduced  haemoglobin,  and  lat«r  becomes  nitric 
oxide  haemoglobin. 

6.  The  visible  Spectrum  of  Acid-h&ematiit. — If  some  diluted  de 
fibrinated  blood  be  treated  with  a  little  glacial  acetic  acid  and  gently 
warmed,  it  will  assume  a  dark  brown  colour.     If  it  be  diluted  suffi- 

'Care  mult  be  taken  to  •void  eioeei  of  unyl  ni 
haemoglDbin,  obaracteriaed  by  one  broad  band  betwi 
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ciently,  and  examined  spectroscopicallf,  it  will  present  a,  apectrum 
eharacterised  by  one  band  on  the  red,  the  wave-length  correBponding 
approximately  to  X64fi.  The  blue  end  of  the  spectrum  will  be  very 
largely  absorbed  (Spectrum  6  in  Chart). 

There  ia  frequently  a  conuderable  amount  of  general  absorption  in 
the  acid-haematin  prepared  as  above,  and  the  band  referred  to  may 
only  be  made  clear  by  filtering  the  solution.  More  satisfactory  reeolts 
are  obtained  by  extracting  the  colouring  matter  with  ether,  or  treating 
with  chloroform  and  excess  of  acetic  add,  as  follows : — 

(a)  Take  defibrinated  blood,  and  add  about  half  its  volnme  of  glacial 
acetic  acid  and  abont  an  equal  quantity  of  ether.  Shake  at  once. 
The  ether  will  extract  the  calonring  matter,  and,  on  examining  the 
same  spectroscopically,  three  distinct  bands  will  be  seen-^one  on  the 
red  similar  to  that  already  described,  but  apparently  shifted  nearer  the 
D-Iine  (A.  640),  one  on  the  green  (A  660],  another  on  the  green  but 
nearer  the  blue  (A  616).  A  very  indistinct  band  may  be  seen  on  the 
yellow  (A  690)  (Spectrum  7  in  Chart). 

(b)  Take  defibrinated  blood,  warm  and  add  half  its  volume  of  glacial 
acetic  acid.  Cool  and  add  half  the  volume  of  chloroform,  and  more 
acetic  acid  if  any  precipitate  appears.  The  solntion  will  become  clear 
and  give  a  spectrum  similar  to  that  shown  in  the  ethereal  eztracL 

6.  The  visible  Spectmm  of  Alkaline  H^Mrnift^n, — Take  some  diluted 
defibrinat«d  blood,  and  add  a  few  drops  of  strong  caustic  soda,  and 
warm.  The  colour  will  change  to  a  greenish-brown  tint,  and  when  the 
solution  is  examined  spectroscopically,  it  will  show  a  single  band  on  the 
orange  (wave-length,  A  600).  A  more  satisfactory  method  of  preparing 
the  alkaline  haematin  is  to  form  a  paste  of  potassium  carbonate  and 
defibrinated  blood ;  dry  it  over  a  water-bath  and  extract  with  alcohol, 
when  a  reddish-brown  solution  is  obtained  which  shows  the  distinguish- 
ing absorption  band  clearly  (Spectrum  8  in  Chart). 

7.  The  visible  Spectrum  of  Haemocliromogen  (rsdncAd  Haematin). — 
If  a  watery  solution  of  alkaline  haematin  be  warmed  with  a  few  drops  of 
ammonium  sulphide,  the  brownish  colour  is  replaced  by  a  more  marked 
red.  If  the  solution  be  examined  spectroscopically,  the  one  band  of 
alkaline  haematin  is  found  to  be  replaced  by  two  bands  on  the  green, 
the  wave-lengths  of  their  centres  being  approximately  X5.^7  and  X62(S 
(Spectrum  9). 

8.  The  Tialhle  Stieetinm  of  Humatoporphyrin. — Take  some  strong 
sulphuric  acid  (10  ac)  in  a  test  tube  and  add  a  few  drops  of  blood,  and 
ehake  up  the  mixture.  A  purple  colour  will  result,  due  to  the  decom- 
position of  the  haemoglobin  and  the  formation  of  the  iron-free  pigment, 
haemato porphyrin.    This  examined  spectroonopically  will,  in  the  above 
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acid  solution,  show  two  bitnda,  the  centres  being  approximately  A  605 
and  K  565  (Spectrum  10  in  Chart). 

If  a  large  excess  of  water  is  added  to  the  above  a  precipitate  ia 
thrown  down.  If  this  be  dissolved  in  a  little  caustic  soda,  a  solution 
of  baematoporphyrin  in  an  alkaline  medium  is  obtained,  which  shows 
a  four-banded  Bpectnim  when  examined,  the  positions  of  the  bands 
being  A.  630,  X580,  A  550,  and  X520  approximately  (Spectrum  11 
in  Chart). 

Hnematoporphyrin    may   be    regarded    as   iron-free   faaematin,    and 
identical   in    composition    with    bilirubin.       The    following    equation 
represents  the  change  brought  about  by  sulphuric  acid  : — 
Cj,a„N,FeOj  +  3H,0  -  2(0„Hi,NjOa  +  Fe). 
Baematln.  HaeDiktoporphyrio. 

SolutioDB  of  haematoporphyrin  exhibit  a  red  fluorescence.  This 
pigment  must  be  regarded  as  normally  present  in  small  quantities 
in  urine. 


CHAPTER  X 

MUSCLE. 

Muscle  fonns  the  most  abundant  tissue  in  the  body.  It  ia  here 
that  a  great  part  of  the  food  stuffs  undergo  combustion,  as  a  result  of 
which  energy  is  liberated  and  appears  either  as  a  muscular  movement 
or  as  heat.  The  food-stuffs,  along  with  the  oxygen  necessary  for  their 
combustion,  are  carried  by  the  blood  to  the  muscle,  and  the  effete 
products  are  removed  by  the  blood  coming  from  the  muscle. 

Muscle  also  constitutes  one  of  the  commonest  food-stuffs,  meat  being 
the  form  in  which  we  take  much  of  our  protein  and  a  considerable 
amount  of  our  fat  (see  chapter  on  Food). 

Ibe  Chemical  Oomposition  of  Muscle. 


Water, 

Proteins, 

OrgBiiia  Eztraotivcs, 0-3- 4 

Fat, 2_3 

Liorganio  Salts, 1  '|>.i  3 


7fl  por  c( 


Li 


The  Proteins. — To  study  these  we  require  a  muscle  extract. 

Preparation  of  Muscle  Extract.— A  rabbit  is  killed,  and  a  cannula 
tied  into  ita  aorta,  by  which  the  blood-vessels  are  washed  free  of  blood. 
The  muscles  are  then  removed  and  quickly  passed  through  the  mincing 
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machine.  The  mince  is  mixed  with  a  fi  %  solution  of  magneeium 
Bulphate,  the  mixture  being  placed  on  ice  and  left  standing  all  night. 

Divide  some  of  the  extract  provided  into  two  parte,  a  and  b. 

ExPERiHSNT  I.  (a)  Dilute  with  four  volumes  of  water,  and  place  in 
the  water-bath  at  body  temperature.  A  dot  forms,  leaving  miutcle 
larum. 

(6)  Add  some  acetic  acid.  A  precipitate  forms.  Filter.  Neutralise 
the  filtrate  with  NojCOg  solution,  and  dilute  it  with  water.  Place  it  in 
the  water^bath  at  37*  C,  and  note  that  no  coagulum  forme. 

These  two  experiments  show  us  that  the  extract  contains  in  solution 
a  substance  which  is  precipitated  by  aoetio  acid,  and  which  becomes 
tranaformed  into  an  insoluble  olot  under  suitable  conditions.  This 
body  is  protein  in  nature.  Prove  this  by  dissolving  the  olot  in  (a)  in 
10%  sodium  chloride  and  applying  the  protein  teste.  The  soluble 
body  is  called  myosinogen,  and  the  clot  myosin. 

Besides  myosinogen  the  extract  oonCains,  however,  other  proteins. 

ExPEROCENT  II.  Take  some  of  the  muscle  serum  in  (a),  or  of  the 
filtrate  in  (b),  and  half  saturate  with  ammonium  sulphate.  A  precipi- 
tate of  fflobuiin  results.  Filter  off  this  globulin  and  test  the  filtrate  for 
o/^wnHi  by  full  saturation  with  Am^SO,,  or  by  coagulation  by  heat 
after  faintly  acidifying. 

ExPKBiURNT  III.  Use  the  saline  extract  of  muscle  provided. 
Heat  6  co.  carefully  in  a  test  tube  in  the  water-bath.  Note  the 
temperature  of  the  first  signs  of  coagulation.  Filter  off  coagulum  and 
heat  the  filtrate,  noting  the  temperature  at  which  the  flocculi  of  a 
second  coagulum  appear.  It  will  be  found  that  the  first  protein 
(paramyosinogen,  also  tenned  myosin)  is  coagulated  at  47'C;  the 
second  protein  (myosinogen,  also  called  myogen)  at  56*C. 

Both  these  bodies  serve  as  the  source  of  the  coagulated  myosin  in 
muscle.  In  the  clotting  associated  with  ngor  mortis  it  is  stated  that 
paramyosinogen  is  converted  directly  into  myosin ;  whereas  myosinogen 
is  first  converted  into  a  soluble  form  (soluble  myosin),  which  is  then 
turned  into  insoluble  myosin.  Soluble  myosin  can  be  identified  by  its 
low-heat  coagulation  point  (40°C). 

The  coagulation  points  of  the  chief  proteins  of  frog's  muscle  have 
already  been  graphically  studied  (see  Heat  Rigor,  p.  34.) 

ExPKBiHBNT  IV.  Show  that  the  vx^ery  extract  of  muscle  provided 
contains  less  protein  than  the  saline  extract.  It  contains  albumin,  but 
not  globulin.  Demonstrate  this  fact.  Coagulate  the  albumin  by  beat, 
and  save  the  filtrate  to  test  for  phosphates  later. 

Organic  Ezttsctives.  These  are  organic  substances  which  are  soluble 
in  water,  but  not  protein  in  nature.    They  may  be  divided  into  two 
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clasees,  (a)  Tiitrogenoue,  {b)  non-nitrogenouB.  The  chief  membera  of  tbe 
first  group  are  creatin  (C^H^N^Oj),  and  the  purin  bodies  bypoxantliiD 
(CsH^NjO)  and  xanthin  {CjH^N^OJ.  The  moat  important  non- 
nitrogenous  extractive  is  Banx>lactii}  add  (G^HgO,). 

Croatia  is  the  most  abundant  extractive  in  muecle,  amoimting  to 
•4  -  '46  %  in  rabbite,  -3  %  in  bullocks,  '26  %  in  frogs,  and  -a  %  in  hedge- 
hogs. Chemically  it  is  oloeely  related  to  urea,  uid  can  be  changed 
into  this  body  and  a  substance  oalled  sarcosin  by  boiling  with  baryta 
water, 

,NH, 


or,  C,H^,0s  +  H,0-C0N,H4  +  C,H,N0y 
Although  this  reaction  takes  place  outaide  the  body,  there  ta  no 
evidence  that  euch  ie  the  fate  of  creatin  in  the  body,  although  many 
attempts  have  been  made  to  prove  that  such  is  the  case.  Injection  of 
creatin  into  the  body  leads  to  no  increase  in  the  formation  of  urea  of 
the  body. 

Another  interesting  relationship  of  creatin  is  to  the  subetaoce  called 
creatinin.    If  creatin  be  boiled  with  dilute  mineral  acids  it  loses  a 
molecule  of  water  and  becomes  changed  into  creatinin. 
,NH, 


NH  =  C< 


or,  CjH,NgO,-H,0-C«HiN,0. 

This  reaction  is  the  best  means  of  recognising  creadn,  since  it 
gives  DO  characteristic  teste,  whereas  creatinin  does. 

Experiment  V.  Take  about  10  grammes  of  fresh  muscle,  grind 
with  alcohol,  filter,  evaporate  at  about  60'  C.  Dissolve  in  water  and 
divide  into  two  equal  portions,  a  and  b.  To  a  odd  15  cc.  of  saturated 
picric  acid  solution  and  6  c.c  of  10  %  caustic  soda.  Allow  to  stand 
S'  and  dilute  to  500  c.c.  Note  that  there  is  no  change  in  the  colour  of 
^e  solution,  therefore  creatinin  is  absent.  To  b  add  half  its  volume 
of  N.  HCl  and  heat  in  a  flask  fitted  with  a  cork  and  glass  tube  to  act 
as  air  condenser  on  water-bath  for  five  hours.  Neutralise  with  caustio 
soda,  add  picric  acid  solution  and  caustic  soda,  and  dilute  as  before. 
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Note  red  colour,  due  to  picr&mic  acid.     Creaivnin  is  vow  present.    (For 
other  testa  for  creatinin  see  chapter  on  Urine.) 

The  exact  relationBhip  of  oreatin  to  creatinin  in  the  body  is  atill 
a  matter  of  doubt.  It  was  thought  at  one  time  that  the  creatin  of  the 
muBclea  gave  nee  to  the  creatinin  of  the  urine.  This  now  appears  not 
to  be  the  case,  since  creatinin  is  never  present  in  muscle  even  aft«r  veiy 
prolonged  muscular  exercise.  The  amount  of  creatinin  in  the  urine  is 
extremely  constant  under  all  conditions,  and  it  is  therefore  regarded 
by  Folin  as  a  measure  of  the  endogenous  roetaboliem  of  the  body. 
Whence  it  arises  is  not  certain,  but  the  recent  work  of  Mellanby  points 
to  the  fact  that  creatinin  is  formed  in  the  liver  from  unknown  pre- 
cursors. From  the  creatinin  thus  formed  the  creatin  supply  of  the 
body  is  replenished,  and  the  creatinin  that  is  not  wanted  is  excreted  by 
the  kidney  in  the  urine.  We  thus  see  that  creatinin  probably  gives  rise 
to  the  oreatin  of  the  body,  and  not  the  creatin  to  the  creatinin. 
Further  work  ie  required  to  amplify  these  facts  and  also  to  find  out 
the  fate  of  creadn  in  the  body,  which  is  at  present  unknown. 
Recently  Cathcart  has  pointed  out  that  creatin,  which  does  not 
normally  appear  in  the  urine,  is  present  when  the  carbohydrate 
supply  of  the  body  is  cut  off.    (See  also  small  print  at  end  of  chapter.) 

Hypoxaathin  and  T«.Titliiii  These  are  members  of  the  group  of 
bodies  known  as  the  purin  bodies.  They  are  thus  termed  because  the 
so-called  purin  ring 

N— C 

C    C-N. 
N-C— N^ 
is  the  basis  of  their  constitution,  purin  itself,  a  synthetic  body  being 
N=C— H 
H-C    G—THB. 

or  more  simply  C(H^N4 
Hypoxanthin  is  monoxypurin,  and  is  represented  by  the  formula 
HN— C3=0 

H— C      C— NH. 
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X&nthin  is  dioxypurin : 

HN— C=0 


I        I  ^0— H  or  C,H,N,0, 

HN— C  -  N^ 

Lastly  trioxypurin,  which  occurs  in  muscle  only  in  traces,  is  uric 
acid,  CjH,N,0,.     (See  Chapter  XVIII.  p.  422.) 

Hypoxanthin  and  xanthin  result  in  part  from  the  breakdown  of  the 
nuclein  present  in  the  muscle,  but  their  amount  is  normally  bo  lai^ 
compared  to  the  amount  of  nuclein  present  that  this  cannot  be  their 
sole  source;  the  other  source  of  supply  is  at  present  unknown.  It  is 
probable  that  they  normally  give  rise  to  uric  acid,  since  it  is  found 
that  Bome  time  after  muscular  exercise  the  uric  a«id  output  of  the 
urine  is  considerably  increased.  (For  the  isolation  of  these  bodies 
from  muscle  extract  see  end  of  chapter.) 

Lactic  Acid  (CgH^Oj).  This  variety  of  lactic  acid  differs  from  that 
obtained  by  the  fermentation  of  lactose,  which  does  not  rotate  the 
plane  of  polarised  light.  The  lactic  acid  of  muscle,  often  termed 
sarcdaclk  acid,  rotates  the  plane  of  polarised  light  to  the  right.  I'his 
behaviour  depends  upou  a  difference  in  position  of  the  various  aide 
chains  in  relation  to  the  central  carbon  atom.  (Cf.  carbohydrates,  p.  280.) 
The  amount  of  tactic  acid  increases  very  much  during  the  death  of  a 
muscle,  and  also  during  muscular  activity.  These  points  can  be  shown 
by  the  following  experiments  : 

(a)  To  soma  of  Uffelmann's  reagent  {a  mixture  of  ferric  chloride  and 
carbolic  acid)  add  some  of  the  muscle  extract  provided.  This  probably 
contains  lactic  acid  from  the  dying  muscle;  if  it  does  the  violet 
colour  of  Uffelmann's  reagent  will  be  turned  to  yellow  by  the  lactic 
acid  present. 

(i)  HojikM  Test  for  Ijoctk  Add.  Take  about  Bo.c.  of  strong  sulphuric 
acid  in  a  dry  test  tube,  add  1  or  2  drops  of  a  solution  of  muscle 
extract,  2  or  3  drops  of  saturated  solution  of  copper  sulphate.  Warm 
in  boiling  water  for  about  two  minutes  ;  cool  and  add  a  few  drops  of 
alcoholic  thiophene  solution  (20  minims  in  100  c.c.  alcohol),  and  warm 
gently.     With  lactic  acid  a  cherry  rod  colour  develops. 

(c)  Take  a  pithed  frog  which  has  been  kept  on  ice  for  half  an  hour. 
Quickly  cut  off  the  muscles  of  one  hind  limb ;  cut  off  the  other  limb  at 
the  pelvic  girdle,  and  stimulate  electrically  until  irritability  is  nearly 
lost.  Cut  off  the  muscles.  Treat  both  sets  of  muscles  as  follows : 
Grind  with  cold  absolute  alcohol  and  sand,  filter,  evaporate  the  alcohol, 
dissolve  in  water,  heat  with  a  little  animal  charcoal,  filter,  evaporate,  and 
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apply  the  thiophene  test.  Itwillbefound  thatthemuaclesof  the  tetanized 
limb  give  a  positive  reaction ;  those  of  the  noo-tetaiiised  do  not. 
The  tetaniaed  limb  having  no  circulation  was  poorly  supplied  with 
oxygen.  If  it  had  been  kept  in  an  atmosphere  of  oxygen,  the  lactic 
acid  formed  on  tetanisation  would  have  rapidly  disappeared,  so  that 
fatigue  would  have  developed  more  slowly,  and  would  have  dis- 
appeared rapidly  on  keeping  the  limb  at  rest  in  the  oxygen  of  the 
ordinary  room  temperature  (Fletcher  and  Hopkins).  The  explanation 
is  that  with  plenty  of  oxygen  any  lactic  acid  formed  is  rapidly 
destroyed  with  the  evolution  of  carbon  dioxide.  With  an  intact  circu- 
lation lactic  acid  is  certainly  formed  in  the  muscles  with  even  short 
periods  of  violent  exercise,  since  Eyffel  has  shown  that  under  these 
conditions  lactic  acid  is  present  in  increased  amount  in  the  urine. 
This  being  the  case  it  is  probable  that  the  formation  of  this  acid  is  one 
of  the  causes  leading  to  the  hyperpnoea  which  attends  hard  muscular 
exercise  (see  page  459). 

Another  important  nitrogen-free  extractive  is  glycogen  (CflHigOj)?!. 
The  relative  amount  of  this  is  small  (0'5  to  1  %),  but  it  varies  in 
different  animals,  and  is  much  diminished  after  muscular  activity. 
Although  the  percentage  is  small  the  lolal  amount  contained  in  all  the 
muscles  of  the  body  has  been  found,  in  the  case  of  the  cat  at  least,  to 
be  nearly  the  same  as  that  contained  in  the  liver. 

The  less  important  extractives  are ;  Urea,  camic  acid  (C[QH,jNgOg) 
(which  exists  in  muscle  combined  with  phosphoric  acid  as  phospho- 
carnic  acid),  dextrose  (trace),  inosite  (hexahydroxybenzene),  and 
lecithin. 

Oarnic  Acid.— if  a  weak  solution  of  ferric  elilorido  be  added  to  e,  muscle 
extract  (from  whioh  the  proteins  have  been  removed  by  boitiug  and  the  phoHphates 
by  the  addition  o[  calcium  chloride  and  ammonia)  a  brown  precipitate  ia 
obtained.  This  ia  oalled  Cami/errin,  and  oonxiatB  of  the  iron  salt  of  phoapho- 
caruio  acid.  If,  further,  the  phoBphorio  aoid  and  iron  be  split  off  from  this  wo 
obtain  camic  acid,  and  this,  ouriously  enough,  baa  the  same  formula  as,  aod  gives 
nearly  all  the  reaotiona  of,  one  of  the  varietien  of  peptone  known  as  antipeptone. 

Inorganic  Salts, — These  consist  of  salts  of  the  alkalies  and  alkaline 
earths.  The  chief  acid  radicle  present  is  plMi^haric  add;  and  this  exists 
in  several  states — (a)  Inorganic  phosphates,  (I')  phosphorus  of  lecithin, 
(c)  phosphorus  of  nuclein,  {d)  phosphorus  of  phospho-carnic  acid,  (e) 
besides  these  the  watery  extract  contains  another  phosphorus-con- 
taining organic  compound  of  unknown  composition. 

Phosphorus,  therefore,  seems  to  be  a  very  important  constituent  of 
muscle,  and  its  form  of  combination  changes  after  muscular  work,  the 
organically  combined  phosphorus  being  split  ofT  as  inorganic  phosphates 
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which  are  then  washed  out  of  the  muscle  by  the  hlood,  and  appear  in 
the  urine.  It  ia  ou  this  account  that  the  phosphates  in  the  urine  are 
increased  after  muscular  work. 

Experiment  VI.  The  watery  extract  of  muscle  has  been  freed  of 
proteins  by  boiling  it.  Add  to  the  clear  filtrate  an  ammoniacal  solution 
of   magnesium   citrate.     A    white   precipitaW   of   phosphates   reaulla. 


Fio.  23S.— CrriUtg  obtalni 


Show  that  this  precipitate  consists  of  phosphates  by  dissolving  it  in 
nitric  acid  and  testing  with  ammonium  molybdate. 

Experiment  VII.  Aa  a  general  revision  experiment  teat  the 
solution  of  commercial  extract  of  meat  provided  for  proteins,  glycogen, 
creatin,  creatinin,  mineral  salts,  etc. 

Ftepaxation  of  E^ractives  of  Muscle.— 600  grammeB  of  meat,  from  which 
ex  much  fat  and  tendon  aa  poasihle  have  bevn  remuvod,  are  6nely  muicod  ;  the 
luinoe  is  thoroughly  miiLed  with  flOO  p.o.  of  water  and  heated  for  half  an  hour  on 
a  water-liath  at  C.  The  extract  is  atrained  through  maslin  and  the  residue 
extraotcd  several  times  in  a  similar  maimer,  tha  extracts  being  niiicd  together. 
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The  prateio  in  the  extnot  i*  then  ooagiil>t«d  bj  boiling,  Mid,  after  oooliog,  the 
ooAgnlom  removed  bj  filtntion. 

A  aiiniUr  extnwt  nuy  be  prepared  by  disaolviug  Bonie  ODmineraUl  mokt  extrsot 

To  remove  Che  phoapbatea  and  the  lost  tntoea  of  proteini  from  thii  eztraot  a 
Mtunted  solotion  of  aubaoetata  of  lead  is  added  to  it  until  no  more  predpitote  ia 
prodnoed.  (Care  ahould  be  taken  that  an  exoeaa  of  the  aubaoetate  aolation  is  not 
added.  Thia  maj  be  aaoertained  by  filt«riiig  wmplee  of  the  extraot  and  aeeing  if 
tbeee  yield  further  preoipitatea  with  the  aubaoetate  aolution.)  The  precipitate 
tbua  obtained  ia  removed  by  filtration. 

The  exoeaa  of  lead  ia  precipitated  from  the  filtrate  by  paaaing  a  oarrent  of 
anlpburetted  hydrogen  throagh  it.  The  preoipilste  of  lead  anlpbide  is  removed 
by  filtration.  The  filtrate  is  then  evaporated  tu  small  bulk  (any  aulphur  wbioh 
may  aeparate  out  being  removed  by  filtration)  and  allowed  to  atand  on  ioe  for  two 
or  three  daya,  when  a  large  number  oE  oblique  rbombio  orystals  of  onfttlii  will 
have  aeparated  out.  (See  Fig.  233. )  These  are  ooUeotod  un  a  filter  (for  which 
purpose  a  auction  pump  will  be  found  neoesaary)  and  are  thoroughly  washed  with 
alcohol  until  no  more  pigment  is  removed.  The  filtrate  ia  preaerved  for  the 
isolation  of  the  other  eitnuttivea. 

Zanthin  and  HypozanthiiL^Tbe  creatin-free  filtrate  is  mode  strongly 
alkaline  with  ammonia,  and  is  then  mixed  with  ammoniaoal  solution  of  silver 
nitrate.  The  purin  bodiee  are  thus  precipitated.  The  precipitate  is  collected  on 
a  filter  paper  and  thoroughly  waahed  with  dilute  ammonia,  and  the  bypoianthin 
and  xanthin  are  separated  from  it  by  the  following  method :  the  precipitate  ia 
removed  from  the  filter  paper  and  diaaolved  in  boiling  nitric  aoid  (speo.  grav.  I'l), 
a  few  orystala  of  urea  being  added  Ui  the  solution  so  ss  to  destroy  any  nitrous 
aoid  which  may  be  present,  and  which  would  decompose  the  purin  bodies.  When 
all  the  precipitate  has  dissolved  the  solution  ia  quickly  filtered  hot,  and  the 
filtrat«  ia  allowed  to  atand  over  night,  when  it  will  be  found  that  a  precipitate 
oonsisting  of  fine  needle-shaped  crystals  (Fig.  2M)  has  separated  out.  This 
oODSistH  of  hypoxantbin  silver  nitrate  combined  with  nitrie  aoid  ;  to  remove  the 
nitric  acid  wash  it  with  distilled  water,  transfer  it  from  the  filter  to  a  small 
beaker  and  boil  it  with  ammonia  until  the  oryataU  break  up  and  beoome 
amorphoua,  and  then,  to  remove  the  silver,  pass  ID  H^,  filter  off  the  silver 
sulphide,  and  evaporate  the  filtrate  slowly  to  dryneaa,  when  a  white  chalk-like 
mass  of  hypoxanthin  will  be  obtained.  In  order  to  obtain  the  xanthin  diver  salt 
the  filtrate  from  hypoxanthin  should  be  treated  with  ammonia,  when  a  fetr 
yellow  flakes  of  the  salt  will  be  obtained.  To  separate  the  xanikia  this  pre- 
cipitate is  treated  in  exactly  the  same  way  as  for  hypoxanthin. 

Test  for  Hypoxanthin. — Place  a  piece  of  hypoxanthin  in  a  small  evaporating 
dish  with  a  few  drops  of  concentrated  pure  nitrie  aoid  and  evaporate  slowly  to 
dryness :  a  brilliant  yellow  residue  is  obtained.  Cool,  and  then  add  a  drop  of 
sodium  hydrate  solution,  when  the  residue  will  change  to  orange.  If  the  reaidne 
be  dissolved  in  water  and  the  solution  again  evaporated  to  dryneea  the  orange 

'  The  following  amonnta  are  auitable  for  thia  preparation :  Ten  grm.  bovril  are 
dissolved  in  200  a.o.  water,  and  to  this  is  slowly  added  60  c.c.  of  a  saturated 
solution  of  snliaaetate  of  lead.  After  the  precipitate  has  aettled  down  a  sample 
of  the  supernatant  fluid  is  removed  by  a  pipette  to  a  tiest  tube  and  tested  with 
the  aubaoetate  solution  to  be  certain  that  no  more  pi:eoipitat«  is  produced. 
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colour  pertiiatB.  thus  differing  from  the  mnrexjde  sMin  which,  when  Bimilarlv 
treated,  loses  its  colour  (aeo  p.  42fi). 

Test  for  XanthiP. — Repent  the  same  t«st  >s  for  hypoiaothin  and  note  that 
the  wxliuni  hydralfi  produces  in  this  case  a  deep  red  oolour,  whiab  persiBtfl  on 
dJBSolviDg  in  water  and  evaporating. 

Sarcolactic  Add. — The  ammoniacaJ  filtrate,  from  which  the  atloximo  bodies 
have  been  separated,  is  treated  with  Bolphuretted  hydrogen  gas  so  as  to  remove 
the  silver  which  it  contains :  the  silver  sulphide  is  filtered  off,  sjid  the  filtrate 


eraporated  till  all  the  tunmonia  baa  been  expelled.  It  is  then  made  strongly  acid 
with  phoaphorio  acid,  and  the  lactic  acid,  which  is  hereby  liberated,  is  dinolved 
out  by  shaking  it  in  a  separating  funnel  with  ether. 

After  aitraoting  three  or  four  times,  the  ethereal  cxtraotB  are  oomUned  and 
the  ether  evaporated  away  by  placing  on  a  water  bath  healed  to  about  60°C.>  the 
flame  nndemeath  which  has  been  eitinguiahed.  An  acid  ayrup  remaina  behind; 
this  is  impure  lactic  aoid.  In  order  to  purify  it,  dilute  three  times  with  water, 
bring  the  resulting  solution  to  the  boil,  and  then  carefully  add  powdered  line 
carbonate  until  the  reaction  is  neutral.  Filler.  Evaporate  the  filtrate  to  small 
bulk,  and  add  an  equal  bulk  of  spirit  and  nUow  to  stand,  when  : 
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will  arysUUite  oat  (Fig.  236).  The  tine  ult  it  filtered  of^  wuhed  ReTonl  timei 
with  apirit,  dinolved  in  w»t«r,'  u)d  the  lino  wpHftted  by  paadug  ft  atream  of 
snlphiirett«d  hydrogen  throngh  the  aolutiOD.  The  duo-free  SItnte  ia  then  freed 
of  water  by  erapcKstjon,  whra  the  lactic  acid  i*  ohtained  aa  m  aymp. 


CHAPTER  XI. 

DIETBTICS,  FOOD,  METABOLISM. 

Food  is  taken  into  the  body  for  two  purposea — (1)  to  replace  tissue 
waste ;  (2)  to  supply  energy  for  work  and  for  heat. 

It  IB  necessary  that  such  food  should  be  taken  in  a  proper  amount, 
in  a  digestible  form,  and  adapted  to  the  climatic  cirGumstances  and 
occupation  of  the  eater.  It  is  also  essential  that  the  food  should  be 
as  varied  as  possible,  for  experience  shows  that  an  luiTaried  diet  is 
not  eaten  with  relish  and  may  impair  the  general  health  and  resistance 
to  disease.  The  appetite  of  a  healthy  man  is  the  best  guide  for  the 
selection  of  his  food ;  it  is  the  expression  of  physiological  needs  which 
have  not  been  investigated  sufficiently  to  justify  dogmatic  statements 
as  to  what  a  man  should  and  should  not  eat. 

We  may,  therefore,  divide  the  proximate  principles'  of  food  into 
two  groups,  viz. : 

Tissue  fomurs — Protein,  inorganic  salts,  water. 

Comlmstiffn  material — Protein,  fats,  carbohydrates. 

It  will  be  observed  that,  of  the  organic  food  stuffs,  protein  may 
act  in  either  capacity,  and  hence,  that  a  diet  containing  protein  and 
salts  alone  can  ser\'e  as  an  efficient  food.  That  this  is  so  is  proved 
by  the  fact  that  the  Indians  of  the  Pampas  live  entirely  on  flesh. 
Without  protein  it  is  impossible  to  maintain  life;  but  if  more  than 
is  necessary  for  the  repair  of  the  broken-down  tissues  be  supplied, 
the  excess  serves  as  a  fuel. 

The  most  serviceable  combustion  material  seems,  however,  to  be 
carbohydrate ;  next  comes  protein,  and  the  least  available  is  fat,  this 
latter  being  pre-eminently  the  form  in  which  the  excess  of  food  over 

'  The  watery  solation  should  be  evaporated  until  the  oryetalt  of  dno  saroo- 
kiotate  begin  to  appear,  tlua  being  asoertainad  by  examining  a  drop  under  the 
mjoraeoope. 

*  These  nutritive  oonatituente  are  called  the  proximate  prinnplu  of  food, 
beoanae,  oonaisting  as  they  do  of  oarbon,  hydrogen,  oxygen,  and  nitrogen 
oombined  into  highly  complex  bodies,  they  are  really  elementary  oonatituents 
of  the  organiam. 
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preaent  requirementa  is  laid  by  for  future  use.  Thus,  during  summer, 
hibernating  animals  store  up  a  large  quantity  of  fat,  and  this  is  called 
upon  during  the  winter  sleep  to  furnish  the  energy  necessary  for  life. 

In  jvdgmg  wKetKer  any  diet  be  efficient  the  first  thing  we  must  deter- 
mine, therefore,  is  whether  it  contains  a  sufficient  amount  and  a 
suitable  mixture  of  the  Dutritive  constituents  of  food.  In  practice 
it  is  found  that  these  facts  can  be  determined  by  estimating  the 
amount  of  carbon  and  of  nitrogen  which  the  diet  contains.  We  can 
find  out  how  much  of  these  two  elements  is  necessary  by  estimating 
the  amount  of  them  contained  in  the  excreta. 

An  ordinary  man  under  ordinary  circumstances  eliminates  about 
300  grammes  of  carbon  per  diem  (chiefly  as  carbon  dioxide),  and  about 
16  grammes  of  nitrogen  (chiefly  as  urea,  etc.,  in  the  urine).  Now,  the 
only  food-stuff  which  contains  both  these  elements  is  protein,  and  to 
supply  the  required  amount  of  nitrogen  it  would  be  necessary  to  give 
only  about  100  grammes  of  this.  Such  an  amoiint  would,  however, 
only  fumteh  about  one-sixth  of  the  necessary  amount  of  carbon.  This 
difficulty  could  be  surmounted  by  giving  about  600  grammes  of  protein, 
but  then  the  tissues  would  be  supplied  with  six  times  more  nitrogen 
than  they  required.  It  is  advantageous,  therefore,  to  mix  with  the 
protein  some  food  stuff  containing  an  excess  of  carbon,  but  no  nitrogen. 
Such  a  food  stuff  is  fat  or  carbohydrate.  Experience  teaches  us  that  of 
these  two  the  more  serviceable  is  carbohydrate,  and  for  two  reasons : 
firstly,  because  it  is  more  easily  digested ;  and,  secondly,  because  it  is 
cheaper. 

When  muscular  work  is  performed  the  excretion  of  carbon  rises, 
whereas  that  of  nitrogen  is  scarcely  affected  at  all,  so  that  in  such  cases 
the  diet  should  contain  an  abundance  of  carbon. 

Another  method  of  determining  how  much  food  will  be  required, 
is  to  estimate  how  much  energy  must  be  liberated  iu  order  to  meet 
the  needs  of  the  organism.  We  can  do  this  by  placing  the  person  in 
a  respiration-calorimeter  in  which  all  the  actual  heat  which  leaves  the 
body  is  collected  and  measured.  By  adding  this  result  to  the  thermal 
equivalent  of  the  muscular  work  which  he  meanwhile  performs,  we 
obtain  the  total  amount  of  energy  eliminated.  This  result  is  expressed 
in  calories,  a  kito-calorie  being  the  amount  of  heat  necessary  to  raise 
the  temperature  of  one  kilo  of  water  through  one  degree  centigrade. 
In  this  way  it  is  found  that  about  3,500  kilo-calories  are  necessary 
per  diem  for  an  adult  doing  ordinary  work,' 

'In  phfsioal  cbemiatry  the  noit  of  heat  ohoaen  ia  one  thoiu&nd  times  siDslIer 
than  the  physiologioal  Calorie,  it  being  in  this  case  the  amount  of  beat  oeoeasary 
t«  raise  the  temperature  of  one  gmmme  of  water  through  one  degree  centigrade. 
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Having  determined  how  much  energy  will  be  required,  we  must  now 
find  out  how  much  food  must  be  supplied  to  yield  it.  We  can  deter- 
mine the  caloric  value  of  the  various  food-stuffs  by  burning  them  in  a 
chemical  calorimeter.  Since  the  end  products  of  the  combustion  of 
fats  and  carbohydrates  (viz.,  CO,  and  H,0)  are  the  same  in  the  body 
as  tn  vitro,  their  physical  caloric  values  for  1  grm.  of  the  dry  substances 
are  the  same  as  their  physiological,  viz.,  41  for  carbohydrates  and  93 
for  fate.  A  very  important  end  product  of  the  metabolism  of  protein 
is,  however,  urea,  which  still  contains  some  potential  energy,  so  that 
it  has  a  physical  heat  value  of  its  own.  In  order  to  find  the  physio- 
logical heat  value  of  protein,  therefore,  we  must  deduct  from  its  physical 
value  the  physical  value  of  the  amount  of  urea  arising  from  it  By 
this  means  it  has  been  shown  that  the  physiological  heat  value  of 
protein  is  practically  the  same  as  that  of  carbohydrate,  viz.  41. 

By  an  examination  of  the  diets  taken  by  various  classes  of  people, 
averages  of  the  relative  amounts  of  the  various  classes  of  food-atuSs 
have  been  obtained.  Such  a  table  for  a  man  doing  an  ordinary  amount 
of  work  is  the  following : 

Protein, 123  grammes.' 

Cubuhydrate, SOO  grammea. 

Fit, 

This  diet  yields: 


O^. 

Nltngim. 

KU.0,0^, 

Protein,         ■        ■        . 

Carbohydrate, 

Fat.       .... 

62  grm. 

200  grm. 
38  grm. 

300  gm.. 

20  grm. 

125x41=  5125C. 
500x4-1=2030    C. 
50x9-3=  465    0. 

Total,      ■        . 

20gnn. 

1  3027^0. 

Such  a  diet  is  represented  approximately  by  :  ^  lb.  prime  lean  meat; 
1|  lbs.  bread;  2  oz,  butter;  ^  pint  milk;  1  lb.  potatoes;  and  \  lb. 
oatmeal. 

Demondration. — The   quantities  of    foods  given   above   have   been 

The  email  calorie  ia  written  with  a  amall  "o,'*  the  large  one  with  a  capital  "C." 
Th'.  htat  wnit  ran  be  tran'farmrd  into  nnila  of  icork  by  multiplying  by  425-5,  a  unit 
of  work  being  expressed  as  the  amount  of  force  necessary  to  luise  a.  weight  of  one 
gramme  to  a  height  of  one  metre  —a  gramme  metre — or  of  one  kilogramme  to  the 
K&me  height,  a  kilogramme  metre. 
'  I>ryweight. 
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wsighed  oat.    Carefully  gauge  the  amoimta  so  as  to  gain  an  idea  of 
the  food  necessary  daily  for  a  person  doing  %U  muMu/or  work. 

For  persons  leading  a  sedentary  life  only  2,500  to  2,700  calories  are 
required.  For  moderately  hard  muscular  work  it  is  well  to  allow 
3,300—3,700  C,  for  hard  and  very  hard  muscular  work  from  4,150 — 
6,000  C.  are  required.     Specimen  diets  are  given  in  the  following  table: 

Pnitslu.  FU.         Oirbabjnlnta.        CUorlw. 

Sedentary,      ■        .        .      S8  108  315  2.601 


Moderate  hard  work. 
Very  hard  irorb,    - 


3,364 
3,762 


Moat  investigators  have  given  diets  fairly  closely  resembling  these ; 
and  although  some  of  them  include  more  fat  than  the  specimen  diet  we 
have  taken,  it  must  be  remembered  that  fat  is  considerably  dearer  as 
an  article  of  food. 

Chittenden,  as  the  result  of  his  experiments,  believes  that  the  body 
is  better  with  a  low  protein  diet  that  is  considerably  less  than  those 
given  above.  It  has  recently  been  shown,  however,  that  the  con- 
stituent parts  of  the  protein  vary  considerably  in  their  value  for  the 
maintenance  of  health.  The  ringed  amino-acids  (tyrosin,  tryptophan, 
etc)  appear  to  be  the  moat  important.  Bodies  without  these,  such  as 
gelatine,  cannot  support  life.  Yet  if  these  bodies  be  added  to  gelatine 
or  other  such  inadequate  diet  (e.g.  the  products  of  digestion  not  con- 
taining the  benzene  ring),  such  addition  renders  the  diet  adequate.  It 
is  worthy  of  note,  also,  that  the  diet  supplied  to  the  young  animal 
contains  much  protein  (caseinogen),  rich  in  such  "ringed"  bodies. 
The  kind  of  protein  in  a  diet  must,  on  this  account,  be  taken  into 
account.  It  would  seem  therefore  that  it  is  well,  as  the  analyses  of  the 
diets  of  different  nations  show,  to  have  about  125  grammes  of  protein  in  a 
diet  in  order  to  ensure  an  adequate  supply  of  substances  from  which 
the  organism  can  select  what  is  needed  for  its  nutrition. 

These  facts,  too,  show  us  bow  important  it  is  to  know  the  exact 
composition  of  the  various  food  stufTs,  so  that  we  may  be  in  a  position 
to  draw  up  an  adequate  diet  sheet 

The  organic  food-stufis  may  conveniently  be  divided  into  two  classes, 
the  animal  and  the  vegetable. 

The  Animal  Food-Stnfi.— One  of  the  most  imporUnt  of  these,  viz. 
mUk,  has  been  discusHcd  in  a  separate  chapter.  Meat  and  eggs  form 
another  important  class  of  animal  foods.     (See  Table,  p.  366.) 

Egffs. — A  hen's  egg  weighs  about  two  ounces  or  fifty  grammes.  The 
ihell  forms  about  12%  of   the  total  weight,  and  consists  mainly  of 
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carbonate  of  lima.  The  white  conaieta  of  a  multitude  of  ver;  fine 
fibrouB  envetopea  filled  with  a  solution  of  protein  (chiefly  egg-albumin, 
but  also  traces  of  egg-globulin  and  egg-mucoid),  containing  traces  of 
sugar  (0-5  %),  fatty  subetances,  and  inorganic  salts.  About  85  %  of  the 
w^te  is  water.  We  have  already  studied  this.  (See  Proteins.)  The 
y^U;  contains  about  51  %of  water,  the  solids  being  mainly  fata  (31-75%), 
the  chief  of  which  is  the  phosphorised  fat  lecithin.  It  also  contains 
about  16%  of  protein,  and  this  is  mainly  of  the  nature  of  a  phospho- 
protein  ealled  vitellin.  The  proteins  and  fats  are  intimately  united 
with  one  another  in  the  yolk,  the  exact  nature  of  the  resulting  com- 
pounds not  being  clearly  understood. 

The  yolk  contains  about  1  %  of  inorganic  salte,  and  it  is  important 
to  note  that  the  phosphonn  exists  maifdi/  tn  organic  conciliation  (partly  as 
lecithin  and  partly  as  phospho-protein).  The  same  is  true  of  the  iron, 
which  also  exists  in  organic  combination.  Both  these  inorganic  bodies 
are  much  more  easily  assimilated  when  presented  to  the  tissues  in 
organic  combination. 

Meat. — As  meat  consists  mainly  of  the  muscle  of  certwn  animals,  we 
have  already  studied  it«  composition  in  the  previous  chapter.  It  con- 
tains beside  muscle  a  small  amount  of  connective  tissue  and  of  fat. 
(See  Table,  p.  366.)  Much  of  this  fat  is  not  visible  to  the  naked  eye, 
being  situated  between  the  muscle  fibres.  The  amount  of  this  fat 
varies  in  different  animals,  and  in  the  same  animals  constitutes  one  of 
the  chief  differences  between  "prime"  and  "inferior"  meat.  Owing 
to  the  large  amount  of  assimilable  protein,  meat  forms  one  of  our 
chief  sources  of  nitrogen. 

ExPKROtENT  1.  Cut  very  finely  the  piece  of  meat  provided; 
grind  with  saline.     Filter,  and  test  the  filtrat«  for  proteins  and  salts. 

The  Tegetable  Food-StnJb. — The  most  important  groups  of  these 
are  the  pvlses  and  the  cereals. 

Pvises. — The  pulses  include  such  bodies  as  peas,  lentils,  beans.  They 
contain  relatively  little  water,  and  are  rich  in  proteins,  carbohydrates, 
and  salts.  (See  Table,  p.  366.)  They  are  therefore  a  very  valuable 
form  of  foodstuS',  more  particularly  so  owing  to  their  cheapness; 
although  it  must  be  remembered  that  they  are  not  so  easily  digested  as 
meat,  and  more  is  found  undigested  in  the  faeces. 

Experiment  II.  Extract  some  of  the  pea-meal  provided  with 
saline.  Note  the  precipitate  of  globulin  on  adding  a  drop  to  water. 
Perform  the  general  protein  tests.  Also  extract  some  with  cold  water. 
On  heating,  a  coagutum  is  obtained  showing  albumin.  Filter.  Test 
filtrate  for  salts. 

Cereals. — These  are  obtained  from  the  seeds  of  various  artificially 


idbyGoOgle 


364  PRACnCAL  PHYSIOLOGY 

cultivated  grasees,  and  they  all  contain  reproeentatiTea  of  the  Tarions 
nutritive  constitaentB  of  foods.  The  following  table  gives  their  general 
average  compoaition : — 

Water, 10-lZ  per  oont. 

ProtaiD, 10-12  per  oent, 

Cu-bohydralc, 6S-75  per  orait. 

Fat, 0*-8  per  orait. 

Mineral  Toatter, about  2  per  oent 

The  more  important  varietiee  have  the  following  compositioa : ' 


Water. 

Protein. 

FM. 

.?£!; 

dUulM*. 

^ 

Wheat,  -        . 

12-0 

1211 

1-7 

71-2 

2-2 

1-9 

0»to.      -        - 

10 

10-9 

4-5 

59-1 

12-0 

3-5 

Barley,  ■ 

12  3 

10-1 

1-9 

69-5 

3-8 

24 

Rioe, 

12 

7-2 

2 

76-8 

1-0 

1-0 

The  moat  important  of  the  cereal  foods  is  wheat,  of  which  it  is 
estimated  that  6  bushelB  per  head  of  population  are  consumed  every 
year.  It  is  in  the  form  of  flour  and  bread  that  wheat  is  mainly 
consumed. 

FLOUR. 

Ordinary  white  flour  is  obtained  from  the  endosperm  of  wheat  grains 
and  contains  from  70  to  75  %  of  starch,  about  8  %  of  protein,  and  about 
1  %  of  fat.  The  protein  is  mainly  of  the  nature  of  a  globulin,  and  it 
has  the  property  of  becoming  viscid  when  mixed  with  water.  This 
viscid  body  is  called  glulen,  and  it  is  in  virtue  of  this  body  that  dough 
ia  formed  when  water  is  added  to  flour,  as  in  the  manufacture  of  bread. 

Experiment  III.  Roll  up  some  flour  loosely  in  a  piece  of  muslin ; 
place  the  bag  thus  formed  in  a  small  beaker  containing  some  water  and 
knead  it.  The  starch  grains  pass  through  the  muslin  into  the  water, 
80  that  this  soon  becomes  opaque  and  a  sample  placed  in  a  test  tube 
gives  a  blue  colour  with  iodine.  Apply  Trommer's  test  to  another 
sample  and  note  that  no  sugar  is  present.  After  kneading  for  some 
time  remove  the  bag  and  examine  the  contents,  when  it  will  be  found 
that  a  sticky  mass  has  been  produced — gluten.  Remove  a  piece  of  this 
and  suspend  it  in  water  in  a  test  lube.  Apply  Millon's  and  the 
xanthoproteic  testa  to  it,  and  note  that  the  suspended  pieces  of  gluten 
react  positively  to  both  tests. 

'  Taken  from  Hutchison's  Food  and  the  Priacip/ei  of  Dielelice. 
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The  gluten  is  formed  from  two  proteins  in  the  flour,  gliadin  (a  protein 
soluble  in  70  to  80  %  alcohol)  and  glutenin  (soluble  in  alkali).  It  is  to 
the  gliadin  portion  that  gluten  owes  its  viscidity;  graioa  poor  in 
gliadiii  do  not  form  dough  when  mixed  with  water,  e.g.  rice,  oat«,  ete. 

Good  flour  does  not  contain  augar,  and  if  that  be  present  it  shows 
thiit  a  certain  amount  of  germination  has  occurred. 

If'hole  floiir  is  obtained  by  crushing  the  entire  grain  minus  the  husk 
and  outer  portion  of  the  bran.  It  contains  somewhat  more  protein  and 
fat  than  does  white  flour  and  is  accordingly  more  nutritious,  but  on 
account  of  the  admixture  of  bran  which  it  contains,  it  is  less  digestible 
nnd  acts  as  a  mild  laxative  on  the  intestine. 

BREAD  AND  BREAD  MAKING. 

The  gluten  which  is  formed  when  water  is  added  to  flour  cannot  be 
directly  used  as  a  food,  for,  on  account  of  its  soddenness,  it  is  impervious 
to  the  digestive  juices,  and  cannot  therefore  be  digested.  Before  it 
can  be  digested  it  must  be  aerated,  i.e.  rendered  porous,  aii<i  in  this 
state  it  forms  hread.  The  agency  employed  to  aerate  the  bread  is 
carbon  dioxide  gas,  which  is  generated  in  the  mass  of  gluten  or  "  dough" 
by  the  action  of  the  yeast  plant  on  sugar. 

The  following  ia  a  hrief  ncoount  of  the  procesa  of  bread  making: — The  first 
s\A^  in  the  pnioesa  conEiats  in  preparing  aa  notive  culCure  of  the  yeaat  plant. 
This  waa  originally  done  by  allowing  dough  to  stand  eipnaed  to  the  air,  when 
Bome  of  the  yeast  cells,  which  appear  to  be  oraaipreBent  in  the  atmoBphere, 
settled  nn  it,  and  grew  and  nraltiplied  there  until  a  fermenting  tuasa  or  "jfaiwn" 
was  obtained.  Unfortunately  for  this  process,  however,  the  atmosphere  contains 
other  bacteria  which  also  settle  on  the  dough,  and  by  tlieir  growth  lead  to  the 
production  of  organic  acids,  in  consequence  of  which  the  moss  became  very  sour. 
To  make  hread  a  little  of  the  Wvcn  was  added  to  fresh  dough,  in  which  it  grew 
and  niilltiplied  until  the  whole  was  leavened,  the  aerated  moss  lieing  then  heated 
BO  as  to  stop  the  fermentation.  Such  bread  is  very  suur,  and  although  the 
process  is  still  carried  oat  in  some  parts  of  Germany,  it  is  almost  obsolete. 

In  the  modem  process  the  leaven  gives  way  to  the  ao-oalled  fermail,  which  is 
produced  by  ailding  some  pure  yeast  obtained  from  the  brewery  to  a  culture 
medium  consisting  of  a  mixture  of  mashed  potatoes  and  Hour,  the  culture  being 
kept  in  a  warm  place  for  about  five  hours.  By  this  time  the  moss  is  swarming 
with  young  ootivtsly-growing  yeast  cells,  and,  provided  that  contamination  with 
bacteria  has  been  prevented,  none  of  the  Bour  acida  which  develop  in  leaven  are 
present.  Besides  the  yeast,  an  uuorgauiaed  ferment  called  dvutaae,  originally 
present  in  the  flour,  becomes  active  and  hydnilyses  some  of  the  starch  of  the  flonr 
into  sugar.  The  yeast  cells  then  act  on  this  to  produce  alcohol  and  oarbonio  acid 
gaa,  so  that  a  fermenting  mass  is  obtained.  More  flour  is  now  added  to  this,  and 
the  process  allowed  to  proceed  five  or  six  hours  longer,  until  the  developed  gas 
causes  the  top  to  burst,  after  which  the  remainder  of  the  flour  is  added.  The 
moss  is  now  called  dough.     It  is  thoroughly  mixed  hy  machinery,  and  allowed  to 
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fenoent  for  another  hour,  when  it  it  weighed  oat  into  kwTea,  which  we  thMi 
plkoed  in  pans  and  heated  to  about  23?  C.  in  an  oven  for  an  bonr  Mid  a  half. 
The  heat  kill*  the  ye<urt,  but  at  the  same  time  oansea  the  enoloeed  babbln  of  gu 
to  expand,  ao  that  the  dongh  beoomea  filled  with  little  oavitiea.  The  heat  alao 
oan»ea  the  ooter  p«rt  of  the  doogb  to  beoome  baidened  by  ooagnlating  tbe 
protein,  and  at  the  aame  time  it  aonTe)*ta  the  atarafa  into  dextrin  uid  solnble 
it«ioh,  (utd  ao  formi  tbe  onut.  The  onut  is  glazed  beoanse  of  the  dextrin,  and 
it  is  oolonred  and  ita  taste  different  from  tbe  rest  of  the  bread,  beoanae  of  the 
oarainel  ptodnoed  by  the  aotioa  of  tbe  beat  on  tlie  «agar  wliiob  ia  developed. 

ExPEttlHENT  IV.  Shake  up  some  bread  thoroughly  with  cold 
water  and  filter  off  the  extract.  Test  the  residue  for  starch  by  adding 
iodine,  and  for  protein  by  the  colour  testa.  Teat  the  filtrate  for  sugar 
by  Trommer's  test.  All  the  reactions  are  positive.  If  a  similar 
extract  be  made  of  the  crust  it  will  be  found  to  give  a  purplish  colour 
with  iodine,  due  to  the  soluble  starch  and  dextrin  which  it  contains. 

The  colour  tests  for  protein  and  starch  can  also  be  well  demonstrated 
by  pouring  the  necessary  reagents  upon  different  areas  of  a  piece  of 
bread.  Do  this,  taking  care  to  use  a  minimum  amount  of  the  reageots. 
To  bring  out  the  red  colour  of  Millon'a  test,  it  is  necessary  to  toast  the 
bread  slightly  over  the  Bunsen  flame. 


Wntar. 

ProMns. 

FatL 

.^ 

Beef  (bert  quality),    ■ 

72 

21 

s 

_ 

1 

BiaenitB,     -        - 

8 

15 

1-3 

73-4 

17 

40 

8 

1-3 

49-2 

IS 

Butter  (freab),    ■ 

12 

2 

85 

— 

1 

Cbeeee, 

41 

28 

23 

1 

7 

Eggs,         .        -       - 

73-5 

13-5 

11-6 

— 

1*4 

Fish  (sahnon),    -        - 

76 

15 

7 

— 

2 

Fish  (sole), 

86 

12 

0-5 

— 

1-5 

165 

13 

1-5 

68-3 

0-T 

Lentils, 

12-5 

24-8 

1-S 

58-4 

2-5 

MUh  (OOW'B),        •           - 

86-9 

4-7 

3-5 

4-2 

0-7 

Mutton,      ■        ■        - 

76 

18 

5 

— 

1 

Oatmeal,    -        - 

15 

13 

6 

63 

3 

Peaa.  ■       ■       ■ 

15-6 

22 

2 

58 

24 

74 

2 

0-2 

21-8 

1 

Rieo,-        -        -        - 

10 

5 

0-1 

84-4 

0-5 
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In  the  above  table  note  particularly  the  great  food  value  of  auoh  bodiea  as 
bread,  flour,  eheeae  (particularly),  lentils,  peas,  oatmeal,  rioe  -,  all  comparatively 
cheap  articles  o£  diet. 

The  Methods  for  the  Estimation  of  Oeneral  Metabolism.— Metabob am 

ia  the  subject  which  treats  of  the  changes  undergone  by  the  food-stuffs  after  they 
are  absorbed  from  the  intestine.  There  are  two  aubdiviaiona  of  the  aubjoct ;  the 
one,  called  general  mctalmlifm,  has  to  do  with  the  building  up  or  breaking  down 
uE  the  tissues.  It  derives  ita  information  from  a  comparison  of  the  amount  of  the 
various  food-atuffs  absorbed,  with  the  amount  of  their  eioretory  products.  The 
other,  called  upecial  metaboiiirm,  haa  to  do  with  the  exact  chemical  changes  which 
nbaorbod  food-stuffa  undergo,  and  the  looaliaation  of  the  actual  organ  or  organs  in 
which  the  varioua  changes  are  effected. 

Space  will  only  permit  ua  to  indicate  some  of  the  methods  employed  in  study- 
ing general  metaboliBin,  and  to  describe  brieHy  bow  the  results  obtained  may  be 
interpreted.  The  actual  methods  of  analysis  are  fuUy  desuribed  in  other  chapters, 
and  in  the  following  description  reference  will  bo  made  to  the  pages  on  which  the 
most  suitable  method  for  each  determination  can  be  found. 

General  Metabolism. — In  order  to  atudy  tbia  a  balance  sheet  must  bo  drawn 
up,  on  one  aide  of  which  is  placed  the  intake  (the  amount  o£  food  and  onygen 
aheorbed),  and  on  the  other  the  onljmt  (the  amount  of  the  various  bodies  excreted 
in  the  urine,  toecea,  breath,  and  sweat). 

I.  The  Intake.— The  value  of  a  diet  can  be  expressed  either  as  ita  chemioa! 
value,  or  aa  its  physical  value.  The  chtmical  valii'.  means  the  amount  of  protein, 
fat,  carbohydrate,  and  salt  which  it  contains.  Thia  is  determined  by  referring 
to  analytical  tables  of  the  various  food-stuSs  (especially  aerviceablc  for  this 
purpose  are  the  tables  of  Atwator).  The  amount  of  the  various  food-stuffa 
admiuistered  can  then  be  oaaily  determined  by  multiplying  the  percentage  given 
on  the  tables  by  the  amount  of  food  given.  When  it  is  desired  to  be  specially 
accurate  an  actual  analysis  of  the  food  ia  necessary,  and  when  the  metabolism  of 
protein  is  being  specially  studied,  it  is  customary  to  determine  the  amount  of 
nitrogen  which  the  food-stuff  contains  (Kjeldabl's  method,  p,  410),  and  this 
multiplied  by  6'3  gives  the  amount  of  protein.' 

The  phytiologicai  beat  fahie.  of  a  diet  means  the  number  of  oaluriea  which  it  Can 
yield  during  ita  metabolism  in  the  body.  To  find  the  total  heat  value  of  the 
diet,  all  that  ia  necessary  is  to  multiply  the  physiological  heat  values  of  the 
administered  food-stuffs  by  the  aniouut  of  each  which  the  diot  contains. 

The  Form  in  which  the  Food-Stuffs  are  best  given  for  Metabolism 
Experiments.  Protein.— This  is  usually  given  as  meat,  from  which  all  the 
visible  fat  and  tendon  are,  as  far  as  possible,  removed.  When  calculating  the 
amount  of  protein  from  the  nitrogen  present,  the  gelatin  and  eitractives  which 
the  meat  contains  may  be  neglected,  for  gelatin,  in  the  presence  of  an  excess  of 
protein,  has  almoat  the  same  metabolic  value  aa  native  proteins,  and  the 
extractives  exert  no  ioflnenco  on  the  metabolism  ainco  they  pass  through  the 
tissues  unchanged.     Protein  may  also  be  administered  as  white  oE  egg  or  as  milk. 

Carbohydrate.— This  ia  beat  given  as  bread  a  day  old,  and  always  obtained 
from  the  same  source,  so  that  its  composition  is  constant. 

IThis  figure  would  not  be  correct  if  the  food  contained  nitrogenous  subatancea 
other  Ihaii^protein. 


.Google 


J 


i 


368  PRACTICAL  TTTrSIOLOGY 

Fat. — About  1  %  fnt  ha«  to  be  reckoned  &b  ooTitAiiied  in  the  meat  prepared  as 
above.     The  rest  is  given  best  u  butter. 

When  the  inveatigation  ia  being  carried  out  on  an  nnimal,  the  whole  diet 
should  ho  weighed  out  in  the  morning,  after  collecting  the  previous  day's  exoreta. 
It  ia  aelilum  nuueBaary  to  cook  the  food,  but  where  there  ia  difficulty  in  perauading 
the  nuimnl  to  take  some  unpalatable  food  subatanoc,  this  latter  may  be  mixed 
with  the  snup  prepared  from  the  meat.  When  tlie  experiments  are  bciug  carried 
out  on  man,  it  is  o(  cuursD  necFssary  to  cook  the  meat,  and  frequently  also  some 
of  the  other  food-stu&s.  The  various  constituents  must  be  weighed  out  before 
cooking,  at  it  ts  impossible  to  know,  after  the  food  has  been  prepared,  the 
proportion  o(  the  substaneo  used  in  cooking.  For  observationa  extending  over 
any  length  of  time  the  diet  should  lie  carefully  clioaen,  and  exactly  the  bmbo 
amounts  given  each  day. 

n.  The  Ontpnt. — By  referring  bo  the  above  soheme  it  will  be  seen  that  the 
only  tood-stuff  which  contains  nitrogen  and  sulphur  is  protein.  We  have, 
therefore,  two  excretory  products  from  the  amount  of  which  we  can  determine 
protein  nietabolieni.  In  the  caae  of  carbohydrates  and  fats,  on  the  other  hand, 
there  is  no  exclusive  end  product,  so  that,  in  order  to  estimate  the  metaboliam 
of  tlicse  two  bodies,  it  is  necessary  to  make  a  calculation. 

S H^O, 

Pr,>teins  p^^  lC)co,ln™a.ete. 

|_  Carbohydrates  jg  J  HjO  I 
1.   Protein.— The  output  of  this  is  detonnined  : 

(a)  From  the  Amount  of  Nitrogen  Excreted.— Nearly  the  whole  at  this 

occurs  in  thu  urine  in  which  it  is  determined  by  Kjeldahl's  method  {p.  410).  A 
certain  amount,  liowever,  appears  in  the  faeces.  With  an  ordinary  diet  most  of 
this  latter  oomes  from  the  unabeorbed  protein,  and  must  aocordingly  be  deducted 
from  the  amount  administered  in  order  to  ascertain  the  actual  amount  absorbed. 
A  certain  amount  of  it,  however,  comes  from  nitrogenous  bodies,  which  are 
excreted  into  the  intestine  Irtim  the  btood.  The  actual  amount  ot  this  excretory 
nitrogen  has  been  determined  by  feeding  an  animal  with  a  protein  free  diet,  and 
for  man  it  amoonts  on  on  average  to  t  grm.  per  diem.  During  stoiration  it  only 
amounta  to  Q'2  grm.,  so  that  it  is  obvious  that  it  comes  from  the  digestive  juices 
anil  excreta  poured  into  the  intestine.' 

The  amount  of  nitrogen  excrcUni  in  Che  sweat  is  so  small  as  to  be  negligible. 
The  urinary  nitrogen,  plus  one  gramme  pur  diem,  aa  nitrogen  excreted  into  the 
intestiue,  gives  us,  therefore,  the  total  amount  of  mtrogeu  excreted.  Since 
protein  contains  1S%  of  nitrogen,  each  gramme  of  nitrogen  oorreaponds  to6'25grm. 
of  protein,  and  since  meat  contains  on  an  average  3i  %  ot  nitrogen,  each  gramme 
of  the  latter  will  correspond  to  30  grm.  of  muscle 

{b)  EVom  the  amount  of  Snlphnr  Extracted.— The  proteins  of  food  oon- 
taio  I  %  of  sulphur.    This  is  excreted  ia  the  urine  largely  as  sulphuric  acid,  and  the 

'  In  aocurate  metabolism  determinations  it  is  necessary  to  colloet  the  faeces  for 
each  day,  to  dry  them  slowly  on  a  sand  bath,  and  then  to  make  the  folluwin^ 
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amount  of  this  excreted  beura  a  constant  relationship  to  that  of  nitrogen,  viz.  1  of 
sulphnrio  acid  for  every  5*3  gr.  of  nitrogen.     Being  less  in  amount,  its  deter- 
is  thai  of  nitrogen,  but  it  affords  ua  a  valuable  control 
in  estimating  protein  metabolism,  and  is  the  only  way  by  which  we 
this  when  nitrogenous  bodies  other  Uuvq  protein  arc  oontsined  in  the  diet. 

2.  Fat  and  Oaxbohydrate.—The  end  products  of  the  metabolism  of  both 
iheao  bodies  are  water  and  carbon  dioxide  gas,  and,  of  these  two  bodies, 
the  only  one  which  it  ia  possihle  to  estimate  with  ease  is  the  latter. 
Protein,  however,  also  oontribntes  to  the  excretion  of  carbon  dioxide,  so  that, 
before  we  oan  know  bow  much  carbohydrate  and  fat  are  being  oxidised  in  the 
body,  we  must  find  out  what  proportion  of  the  total  carbon  excreted  is  derived 
from  the  metabolism  of  the  protein. 

To  estiraatfl  the  total  amount  of  carbon  exoreted,  the  expired  air  must  be 
collected,  and  a  determination  of  the  amount  of  carbon  dioxide  which  it  contains 
mode  by  one  of  the  methods  described  (see  p.  184).  The  obtained  result 
multiplied  by  0'273  gives  the  amount  of  carbon  excitled  in  ike  breath.  A  certain 
amount  of  carbon  ia  alao  excreted  in  tht  urine.  This  latter  amount  could  be 
directly  determined  by  making  an  elementary  analysis  of  the  dried  urine,  but 
such  a  method  would,  of  course,  bo  too  laborious  for  metabolism  work.  In  order 
to  determine  this  amount  of  carbon  it  is  sufGciently  accurate  to  multiply  the 
nitrogen  excreted  by  0'G7,  for  it  has  been  determined  that,  for  every  gramme  of 
nitrogen  excreted,  there   is   this  amount  of  carbon,  and  that  this  ratio  ia  a 


Having  estimated  what  tbn  total  excretion  of  carbon  is,  we  must  now 
how  much  of  it  comes  from  protein.  To  do  this  multiply  the  total  amount  of 
nitrogen  excreted  by  3'3  (since  proteins  contain  approximately  S2'S  of  carbon, 
and  16  of  nitrogen).  If  this  amoiinlof  carbon  be  deducted  from  the  total  amount 
eicret«d,  the  remainder  oorresponds  to  the  carbon  derived  from  the  combustion 
of  fat  and  carbohydrate.  As  to  which  of  these  two  bodies  it  is  from  which  the 
carbon  really  oomes,  wo  have  no  means  of  telling  definitely,  except  by  a 
delerrainalion  of  the  respiratory  quotient,  but  since  there  ia  very  much  more 
fat  than  carbohydrate  in  the  tissues  we  usually  reckon  it  as  fat.  Each  gramme 
of  carbon  Dorrosponds  to  TS  grammes  of  fat  (because  fat  contains  705  grammes 
carbon ). 

3.  The  Amount  of  Energy  given  out  by  the  Body.— The  energy  is 
liberated  in  the  body  partly  as  boat,  and  partly  as  nmscular  work.  The  amount 
actually  lost  as  heat  may  bo  determined  by  placing  the  animal  in  a  respiration 
calorimeter,  hut  it  ia  dilGcult  to  cstimatu  the  amount  lost  as  mechanical  work. 

There  are,  however,  certain  indirect  melhodn  by  which  the  total  amount  of 
energy  liberated  may  be  determined,  and  these  are  as  follows :  (a)  By  comparing 
the  amount  of  food-stuffs  taken  in  with  the  amoiml  which  reappears  in  the 
excreta,  we  can  find  out  bow  much  of  each  food-stuff  has  actually  undergone 
metabolism  In  the  tissues.  It  is  now  quite  easy  to  find  how  much  energy  this 
corresponds  to,  by  mvitiplying  the  amoujd  of  each  food-etwff  mclabolieed  by  its 
ralaric  value.  (Where  the  diet  contains  both  fat  and  carbohydrate,  and  where  an 
«  balance  of  intake  and  output  of  carbon  docs  not  exist,  we  must  reckon 
ess  or  deficit  as  fat,  since  there  is  much  evidence  to  show  that  the  amount 
lins  pretty  constant.) 

the  tissues  ia  determined,  not  by  the  amount  of 

ivity  of  the  tissues.     We  can,  therefore,  employ 
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the  amoimt  of  eoerg]'  liberated,  when  different  lood-atnA  ftre  burnt,  is  not  the 
nme ;  thus  100  gr.  ot  oxygen  are  aeoeuuy  for  the  oombtutioa  of  35  gr.  of  f»t, 
the  amount  of  energy  hereby  liberated  unonnting  to  325  oalorie*.  The  lune 
Amount  of  oxygen  will  bum  up  Sl'4  grm.  of  oarbohydrate.  and  yield  thereby 
346  oaloriea,  or  74'4  grm.  protein  yielding  362  oaloriec  It  it  therefore  neccaaary, 
before  employing  the  oxygen  abaorbed  aa  on  index  of  the  amount  of  energy 
liberated,  to  SJtoertain  that,  when  the  determination  ia  being  made,  the  food-atnb 
undergoing  oxidation  are  always  the  same.  This  can  be  asoertained  by  eatimatiog 
the  respiratory  quotient,  the  value  of  this  being  influenoed  mainly  by  the  nature 
of  the  food-stuff  undergoJDg  oombnstton  at  the  time  (aee  p.  185).  So  long  aa  the 
S.Q.  remains  constant,  any  increase  or  diminution  in  the  amount  of  oxygen 
absorbed  represents  mor«  or  Inst  energy  liberated.  In  order  that  we  may  be  able 
to  compare  the  oxygen  aaaimilation  of  different  individuals  under  the  name 
oonditioDB,  Zuntz  has  suggested  that  the  determination  should  be  made  the  fint 
thing  in  the  morning,  immediately  on  awakening,  and  twelve  honn  after  the  last 
diet  (whioh  should  not  contain  much  oarlwhydrate)  haa  been  taken.  The 
estimation  should  be  made  by  Zuntz  raspiratory  apparatus.  The  amount  of 
oxygen  absorbed,  and  of  carbon  dioxide  exhaled,  is  then  reokoned  for  each  kilo, 
body  weight,  and  for  each  minute.  The  normal  amounts  for  man  are  3  to  4-5  c.c 
oxygen,  and  2'5  to  3'5  c.c.  carbon  dioxide. 

Ezampld  of  a  Hetabolism  Investigation.— It  is  desired  to  know  whether 
a  diet  oontaining  125  grammes  protein,  50  graramee  fat,  and  600  grammes  oarbo- 
hydrate  ia  suffioient  for  a  man  doing  a  moderate  amount  of  work. 


Cu-boo. 

Protein,    -        - 

-        62  grm. 

Carbohydrate,  - 

.      200 

OrrpuT. 

Cuboii.  tdCngan. 

.      11  grm.     (16-5xO-67)      16-3  grm. 


Total, 270  grm.  17-5  grm. 

Retained  in  body  =  30  grammes  carlxin  and  2-5  grammes  nitrogen.  This 
amount  of  nitrogen  represents  2-5  x  6-25—  IS-6  grammi^s  proUin,  or  75  grammes 
mutch.  Now,  this  amount  uf  prut^^in  will  account  for  8-25  grammes  carbon  ;  so 
that  30-8-25  =  21 -75  grammes  carbon  represent  2175  x  1'3=23'3  grammes /of . 
On  this  diet,  therefore,  the  subject  retains  in  bis  tissues  15-6  gr.  protein  and 
2S'3  gr.  fat  per  diem. 

To  express  this  result  in  terms  of  energy-  liberated,  we  know  that  3027'5  C. 
were  supplied  and  that  all  these  have  been  used  except  15'6  x  4'1  =64  ret«ined  as 
protein,  and  SS'Sx  9-3=263-2  retained  as  fat,  or  in  (o(o  327-2  C.  We  find,  there- 
fore, that  3027-5-327-2=2,7000.  have  been  required. 


idbyGoOgle 


PHYSIOLOGICAL  CHEMISTRY 


CHAPTER   XII. 

DIGESTION   IN  THE   MOUTH. 

The  salivary  gtanda — parotid,  atiblingual,  and  aubmaxillary — along 
with  the  numerous  isolated  gland  acini  scattered  in  the  buccal  mucosa, 
pour  into  the  mouth  a  secretion  known  as  saliva.  The  eompoaition  of 
this  mixed  saliva  is  as  follotrs  ; 

Water, -        -      W-i2% 

Organic  matter, 0'38,, 

Mucus  nod  epithelial  cells.     Ptyalin  and  soluble  protein. 

PotoRsiam  sniphocyanide  (KCNS). 

Inorganic  matter,      .---..-..        0*K,, 

Clilarides,  phoephii,t«s,  and  carbonates  of  alkalies  and  alkaline  earths. 

It  is,  therefore,  a  very  dilute  secretion  (specific  gravity  about  1005). 

The  total  secretion  during  twenty-four  hours  amounts  to  about  the 
same  aa  that  of  the  urine,  i.e.  1500  c.c. 

The  saliva  secreted  by  the  different  glands  varies  somewhat  in  com- 
position ;  that  from  the  parotid  contains  no  mucus,  and  is  consequently 
a  thinner  fluid  than  that  of  the  submaxillary,  which  contains  much 
mucus.  The  sublingual  saliva  also  contains  a  certain  amount  of 
mucus. 

Collect  some  saliva  in  a  test  tube,'  and  perform  the  following  reactions 
with  it : 

I.  To  identic  the  varions  Constitnenta. 

ExPEltiMKNT  I.  Place  a  drop  of  saliva  on  red  litmus  paper  ;  a  blue 
stain  results.  The  reaction  may,  however,  become  acid  where  decom- 
position is  taking  place  in  the  mouth,  as  ia  the  case  in  decaying  teeth. 

ExpEHiMBNT  II.  Place  a  drop  of  saliva  on  a  slide,  cover  and  examine 
under  the  microscope:  two  kinds  of  cells  will  be  seen,  viz.  (1)  large, 
flat,  squamous  cells,  which  have  been  desquamated  from  the  surface  of 
the  stratified  epithelium  of  the  mouth;  (2)  small  round  cells  like 
leucocytes,  which  come  either  from  the  glands  themselves  or  from  the 
tonsils. 

Experiment  III.  Place  some  saliva  in  a  teat  tube  and  dilute  it  with 
an  equal  quantity  of  water;  now  add  a  few  drops  of  10  per  cent,  acetic 
acid,  when  a  atringy  precipitate  of  mucua  will  form.  Filter  off  this  pre- 
cipitate, and  note  that  the  filtrate  is  wat«ry,  showing  that  the  stringy 
character  of  saliva  is  due  to  the  mucua  which  it  contains.     To  the 

'  Tlie  Bccretioii  of  saliva  may  be  itimalated  by  inhaling  acetic  acid  through  the 
month,  or  by  chewing  rubber. 


t.  acetic 

this  pre- 

Btringy  I 

To  the  I 

-ough  the  J 

i 
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filtrate  add  a  few  drops  of  Millon'e  reagent  and  boil.  The  result  shows 
the  presence  of  protein. 

Experiment  IV.  Add  to  some  saliva  in  a  test  tube  a  drop  of  a 
weak  solution  of  ferric  chloride  (Liq.  Ferri.  Perchlor.  B.P.)  and  a  drop 
of  hydrochloric  acid.  A  red  colour  is  sometimea  produced.  This  is 
due  to  the  production  of  ferric  sulphocyanide  by  interaction  between 
the  ferric  chloride  and  a  sulphocyanide  which  is  contained  in  saliva. 
The  red  colour  is  discharged  by  adding  a  few  drops  of  a  solution  of 
mercuric  chloride  (1-1000).  A  more  sensitive  way  of  performing  this 
test  is  to  place  a  drop  of  saliva  at  one  end  of  a  piece  of  filter  paper, 
and  then  to  allow  a  drop  of  ferric  chloride  solution  (acidified  with  HCl), 
spread  to  the  edge  of  the  saliva  drop;  a  deep  red  stain  will  reeulb 
where  the  two  moistened  areas  meet. 

ExPBRlMKNT  V.  If  some  saliva  be  allowed  to  stand  for  an  hour  or 
so,  it  becomes  milky  or  a  thin  surface  film  forms  on  it.  This  is  due  to 
the  precipitation  of  calcium  carbonate,  which  exists  in  fresh  saliva  in  a 
soluble  state  as  calcium  bicarbonate.  On  standing  exposed  to  the  air, 
however,  carbonic  acid  gas  is  given  off,  in  consequence  of  which  the 
bicarbonate  changes  into  carbonate,  which  is  insoluble.  A  similar  pre- 
cipitation of  calcium  carbonate,  carrying  with  it  a  certain  amount  of 
calcium  phosphate,  sometimes  occurs  in  the  ducts  of  the  glands  and 
leads  to  the  formation  of  calculi,  or  it  may  form  on  the  teeth,  where  it 
leads  to  the  formation  of  lartai: 

II.  To  Study  the  Action  of  the  Ferment  Ptralia. 

Experiment  VI.  Place  a  few  cubic  centimetres  of  a  O'o  per  cent,  solu- 
tion of  starch  in  two  test  tubes,  a  and  fi.  To  6  add  about  an  equal  amount 
of  saliva,  and  place  both  a  and  h  in  the  water-bath  heated  to  body 
temperature.  Note  that  in  a  very  few  minutes  the  solution  in  b  loses 
its  opalescence  and  becomes  clear,  fiy  means  of  a  glass  rod  transfer 
drops  from  each  solution,  about  once  a  minute,  to  a  white  slab  or  dry 
evaporating  dish,  aud  add  to  each  drop  a  little  iodine  solution.  In  the 
drops  from  the  test  tube  h  the  blue  colour  becomes  at  first  purplish  and 
then  reddish  brown,  and  ultimately  disappears.  'When  this  stage  has 
been  reached,  apply  Trommer's  or  Fehling's  test  to  the  contents  of  the 
test  tube,  and  note  that  reduction  occurs.  In  the  case  of  a  the  blue 
colour  persists  throughout  and  reduction  of  cupric  salts  does  not  occur. 

What  has  occurred  in  h  is  that  the  ptyalin  has  hydrolyaed  the  poly- 
saccharide starch  (blue  with  iodine  and  no  reducing  power),  first  into  a 
simpler  polysaccharide  dextrin  (red  with  iodine,  no  reducing  power), 
and  then  into  the  disaccharide  maltose  (no  colour  with  iodine,  reduces 
cupric  salts).  If  left  in  contact  with  the  maltose  for  some  time  the 
saliva  can  invert  this,  yielding  dextrose.     This  indicates  the  presence 
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of  maltaae  (see  p.  403).  There  are  several  varieties  of  dextrin  formed 
during  the  hydrolysis,  one  of  these  gives  the  iodine  reaction  deHcribed 
above,  and  is  called  erythro-dextrin ;  another,  called  achroo-dextrin, 
gives  no  reaction  with  iodine.  The  latter  exists  aa  an  intermediate 
stage  between  erythro-dextrin  and  maltose. 

The  very  first  eiTect  of  ptyalin  on  starch  is  to  convert  it  into  so-called 
soluble  starch  (sometimes  called  amylodextrin).  This  gives  a  clear 
solution  with  water  and  a  blue  reaction  with  iodine.  During  each  step 
in  the  hydrolytic  break  down,  a  certain  amount  of  maltose  is  set  free. 
This  is  small  in  amount  at  first,  but  becomes  progressively  more  with 
each  successive  dextrin  formed. 

Experiment  VII.  Place  some  of  0'5  per  cent,  solution  of  starch  in  the 
mouth,  and  after  about  two  minutes  transfer  it  to  a  teat  tube.  Ascer- 
tain if  reduction  of  cupric  salts  occurs.  Repeat  this  experiment  with 
some  unboiled  starch,  and  note  the  diflerence  in  the  two  cases  (see 
Carbohydrates,  p.  290). 

The  ptyalin  will  only  act  in  neutral  or  very  faintly  alkaline  reaction, 
but  not  in  the  presence  of  free  acid  {e.g.  0-003  %  HCl  can  practically 
stop  its  action).     Stronger  alkalinity  destroys  it. 

Experiment  VIII.  If  Experiment  VI.  be  repeated  with  the  addition 
of  a  few  drops  of  0'2  per  cent,  hydrochloric  acid,  so  that  the  fluid  just 
reacts  acid  to  litmus,  it  will  be  noticed  that  no  dextrin  is  produced.  (If 
the  acid  mixture  be  heated  for  a  considei'able  time  a  trace  of  reducing 
sugar  may  appear  because  of  the  hydrolyaing  action  of  the  acid.) 

From  the  result  of  Experiment  VIII.  we  may  conclude  that  it  would 
be  impoasible  for  the  action  of  the  ptyalin  to  proceed  in  the  stomach 
after  the  gastric  coiitenta  had  become  distinctly  acid.  If  the  stomach  be 
empty  at  the  beginning  of  the  meal,  however,  the  action  of  ptyalin 
may  proceed  in  this  viscus  for  some  considerable  time,  since  the  first 
portion  of  acid  which  is  secreted  becomes  bound  to  protein,  so  that  it 
does  not  exercise  its  inhibiting  influence  on  the  ptyalin  which  has  been 
swallowed. 

A  certain  amount  of  the  hydrochloric  acid  secreted  by  the  stomach 
will  also  combine  with  the  alkalies  of  saliva  to  form  chlorides.  These 
chlorides  have  a  marked  accelerating  influence  on  the  action  of  saliva. 
Although,  therefore,  ptyalin  has  little  chance  in  the  mouth  to  carry  its 
action  on  starch  far,  it  can,  nevertheless,  continue  acting  for  some  con- 
siderable time  in  the  fundus  of  the  stomach.  The  extent  of  this  action 
no  doubt  varies  in  different  cases,  being  probably  more  prolonged  when 
the  food  ia  taken  without  much  liquid. 

One  of  the  chief  functions  of  the  saliva  is  undoubtedly  a  mechanical 
one,  acting  as  a  solvent  for  certain  foods,  and  assisting  in  the  mastica- 
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tion  and  swallowing  of  others.  A  body  must  be  in  solntioD  before  it  can  he 
tasted,  so  that  the  saliva  assists  in  the  appreciation  of  taste.  It  is  also 
necessary  for  articulation  and  for  preserving  the  sensitiveness  of  the 
nerve  endings  of  taste  and  common  sensation.  This  explains  why  a 
fever  patient  cannot  taste  things  go  well  as  during  health.  It  is  inter- 
esting to  note  that  in  some  animals  the  saliva  contains  little  or  no 
amylolytic  ferment  {e.g.  dog  and  cat). 

For  accurately  studying  the  action  of  ptyalin  (or  any  other  amylolytic  ferment) 
on  starch  one  may  eetimate  the  reducinti;  power  (Bang's  method,  gravimetric 
metboii,  polari meter)  of  the  incubated  aoJution  after  ■  certain  time.  Besidet  being 
tediova,  this  method  ia  unuertaiD,  because  of  the  diSerent  rednoing  powers  of 
maltose  and  dextrose,  both  of  which  sugars  freqnently  reiult  by  talivury  digeaU«n, 
e«peciftlly  when  this  is  prolonged. 

A  simpler  and  more  aerriceable  method  depends  on  the  colour  reaction  of 
starch  with  io<line,  and  is  conducted  as  follows  ;— 

Prepare  a  1  per  cent,  starch  paste  solution, *  and  place  tbebeakercontaining  itin 
ice  water.  Collect  some  saliva  and  dilute  I  o.c.  of  it  to  10  cc.  withdiatilled  watar, 
andiilter.  Take  a  series  of  five  test  tubes  labelled  A,  B.  C,  etc..  and  with  a  I  cc. 
pipette  graduated  in  100  parts  deliver  into  tube  A  I  c.c.  of  the  diluted  taliva  ; 
into  B0-75O.C.;  into  GO'S;  into  Z)  0-25;  and  into  iT  O'l. 

Place  the  tnbes  in  a  beaker  containing  ice  water,  and  then  deliver  into  each  See. 
of  1  percent,  cooled  starch  solution.  The  cold  prevents  any  ferment  action  ontil 
kll  are  ready.  Mow  remove  the  tubes  to  another  beaker  containing  wat«r  at 
40°  C,  and  gently  shake  tbem  so  that  the  contents  become  thorooghly  mixed.  Not« 
the  exact  time  at  which  the  tubes  are  placed  in  the  warm  water.  At  the  end  of 
half  an  hour  remove  the  tubes  simultaneously  to  ice  water,  and  shake  them  gently 
■o  OB  to  enanre  thorough  cooling.     Fill  each  tube  to  within  half  an  inch  of  the  top 

with  distilled  water  and  add  a  few  drops  of  iodine  solution  I  tt.  ).'  Close  each 
tnbe  with  the  Soger  and  invert  so  as  to  miic.  It  will  be  seen  that  tiiere  is  a  grada- 
tion of  colours  in  the  different  tubes  from  blue  through  violet  and  brown  to  yellow. 
Note  the  tube  which  just  shows  a  bluish  tint.  The  next  one  higher  up  in  the 
series  is  taken  as  that  iu  whicli  all  starch  has  just  disappeared.  Froni  tlie  nmouDt 
ol  diluted  solution  added  to  this,  calculate  tlie  amoontof  undiluted  saliva  required  to 
convert  100  o.c.  of  I  percent,  starch  solution  into  dextrines  in  half  an  hour  at  40°  C 
Thiu,  suppose  that  the  tube  containing  0'25  c.c.  diluted  ssliva  is  found  to  be  that 
which  just  shows  a  bluish  tint.     In  the  next  (riz.  containing  0'5  c.c.  saliva)  all 

iva  con  hydrolyse  R  c.c. 

rch.    Thedioetatio  action 


rch  lias  disappeared,  therefore  -, 


I  percent  at 


and  stir  it  up  iu  a  beaker 
per  cent,  solution.  Ploee 
lear  opalesceut  sululJOD  ii 


'Weigh  1  or  2  gm.  of  pulverined  "soluble  starch, 
with  an  amount  of  distilled  water  sufficient  to  make  a 
on  a  boiling  water  bath  and  continue  stirring  until  i 
obtained.     Cool  before  using. 

'Care  must  be  taken   that  sufficient  iodine  solution  is  adde<l  to  ) 
■eaotion,  but  an  excess  must  be  avoided.     The  iodine  solution 
by  dissolving  12-7  gr.  iodine  in  water  containing  25  gr.  potassium  iodide, 
then  diluting  ki  1000  c.o. 
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of  pancreitia  juice,  of  liver  extract,  of  blood  Hrnin  or  of  malt  dbataM  may  b« 
mManred  in  the  ume  way,  bat  diffbmit  amount!  of  the  fermeot  Bolntioii  most  be 
employed.'  (Thus  for  blood  teram  and  liver  extrmot  it  U  noDeceiaarj  to  dUntc 
theiolntioD.)  The  re«nlt«  may  be  expreaaed  by  the  formula*  D=-, ,  in  which  the 
temperature  and  the  length  of  time  of  incnbation  are  ahown.  In  the  tiboTe 
example  Ds™  =  I. 

To  study  the  ioflaeDce  of  weak  acida,  etc.,  on  the  action  of  ptyalin  the  abore 
method  is  very  tatiafactory,  i.e.  by  addiog  some  kcid  aolution  to  one  or  more  of 
the  tubes.  In  aome  caaea  it  ia  desirable  to  prolong  the  incubstioo  for  twenty-four 
houra,  in  which  case  tome  chloroform  or  toluol  or  thymol  should  be  added  to 
rel*rd  the  development  of  miaro-organiamB.  If  very  close  resalts  are  desired,  the 
observation  should  be  performed  with  amounts  of  ferment  solution  which  vary 
from  one  Another  by  smaller  amounts,  or  a  second  observation  ehonid  be  msde 
taking  MDonnta  of  ferment  solution  lying  between  the  foiutost  blue  and  the  next 
tube. 

It  ia  of  interest  to  compare  by  the  above  method  the  comparaUve  diastatio 
powers  of  the  varlooa  commercial  preparations  of  diastase,  taking  human  saliva 
as  the  standard. 


CHAPTER  Xlir. 

DIGESTION  IN  THE  STOMACH, 

The  food,  after  being  masticated  in  the  mouth,  ia  passed  down  the 
oeaophagua  into  the  stomach,  where  it  is  acted  on  by  the  gastric  juice, 
and  ia  gradually  forced  out  through  the  pylorus.  Normally  the 
stomach  is  again  empty  in  about  five  hours  after  a  meal.  The  food 
collects  at  first  in  the  fundus  of  the  stomach,  which  becomes  dilated  to 
receive  it.  By  gradually  contracting  the  fundus  forces  the  food  in 
small  quantities  at  a  time  into  the  pyloric  region,  in  which  there  are 
frequent  peristaltic  movements  which  cause  the  food  to  be  moved 
about,  and  thus  more  intimately  mixed  with  the  digestive  juices. 
When  properly  disseminated  and  distinctly  acid  in  reaction  this  food 
causes  the  pyloric  sphincter  to  relax,  so  that  it  ia  passed  into  the 
duodenum;  but  only  small  quantities  at  a  time  are  allowed  to  pass,  the 
sphincter  closing  between  each  portion.  'While  lying  in  the  fundus, 
very  considerable  digestion  of  starch  by  swallowed  ptyalin  is  taking 
place.     On  entering  the  stomach  the  food  is  very  little  changed,  except 

'  Oare  must  be  taken  when  using  organ  extracts,  snch  as  those  of  liver,  that  the 
reaotioD  of  the  incubation  mixture  is  kept  c<»istant.  Thii  ia  best  accompliihcd 
by  adding  a  few  drops  of  a  saturated  solution  of  Na^PO^  to  the  solutions. 

'  D  —  diastatic  power. 
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that  it  has  been  masticated.  On  leaviog  it,  however,  its  appearance  is 
quite  altered,  being  now  a  thick,  more  or  less  coloured,  fluid  called 
chymo. 

Various  methods  have  been  adopted  for  studying  gastric  digestion — 
e.g.  observing  the  process  through  a  gastric  fistula,  and  removiDg 
samples  of  the  gastric  contents  by  means  of  a  stomach  tube.  Id  order 
to  obtain  pure  gastric  juice  the  most  reliable  method  is  that  introduced 
by  Pawlow,  which  consists  in  resecting  a  portion  of  the  fundus  of  the 
stomach,  and  sewing  it  up  so  as  to  form  a  bag,  which  is  then  sutured 
to  an  abdominal  fistula  This  isolated  sac  of  stomach  secretes  pure 
gastric  juice,  which  may  be  collected  from  the  fistula.  The  juice 
secreted  by  this  miniature  stomach  has  been  shown  to  be  identical  in 
amount  and  strength  with  that  secreted  in  the  main  stomach. 

The  Oompositioii  of  Oastric  Juice. — Pure  gastric  juice  obtained  by 
Pawlow's  method  is  a  clear,  colourless  fluid,  with  a  specific  gravity  of 
1003-1006,  and  of  acid  reaction. 

Its  percentage  composition  varies  in  difTerent  animals,  that  of  the 
dog  and  of  man  being  as  follows : 

lUa.  IMt. 

W»ter, e9'«  97-3 

Organic  mfttter,  chi«Q]p  peptin,    ...         -  0*38  t'71 
InorgaJiic  m&tter — 

(a)  free  hydrochloric  acid,        ....  0'2-0-3  0*3' 

(t)  Mill, OI-0-2  0-66 

The  roost  important  features  to  be  considered  in  connection  with 
this  table  are :  (1)  the  presence  of  free  hydrochloric  acid,  and  (2)  the 
nature  of  the  organic  matter. 

The  Acidity  of  thb  Gastric  Juice. 

In  marked  contrast  to  most  of  the  other  fluids  of  the  animal  body, 
the  gastric  juice  has  a  strong  acid  reaction  towards  all  indicators.  This 
acidity  performs  a  very  important  rdle  in  the  process  of  digestion  in 
the  stomach,  which  makes  it  of  interest  and  importance  to  study 
carefully.  The  urine  also  reacts  acid  towards  certain  indicators,  but 
the  acidity  in  this  case  can  readily  be  shown  to  be  due  to  quite  another 
cause  from  that  of  the  acidity  of  the  gastric  juice.  In  certain  diseased 
conditions,  alterations  take  place  in  the  degree  and  nature  of  the 
acidity  of  gastric  juice,  and  these  alterations  are  sometimes  of  value  in 
assisting  in  the  diagnosis  of  the  pathological  condition. 

From  a  chemical  standpoint  acidity  is  invariably  due  to  the  presence 
of  excess  of  hydrogen  ions  in  the  solution.     For  the  presence  of  these 

'  P»wlow  alw»y«  found  mora  than  O".^  per  cent— Dunely,  0-6-0-6  per  cent. 
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hydrogen  ions,  one  or  other  of  three  general  causes  may  be  responaiblo, 
viz.  the  presence  of  free  mineral  acid,  free  organic  acid,  and  acid  salt. 
The  acidity  in  each  case  is  in  direct  proportion  to  the  dissociation  of 
the  acid  in  watery  solution,  being  greatest  for  mineral  acid.  One  of 
the  first  questions,  therefore,  which  confronts  us  in  connection  with  the 
acidity  of  gastric  juice  is :  to  which  of  the  above  causes  is  the  presence 
of  hydrogen  ions  due  ?  The  question  is  most  simply  answered  by  the 
use  of  indicators,  for  it  has  been  found  that  the  behaviour  of  these 
varies  with  the  nature  aud  cause  of  the  acidity. 

Let  us  see,  first  of  all,  whether  the  acidity  is  due  to  a  free  acid  or  to 
aw  aciil  salt.     Congo  red  is  the  most  useful  indicator  for  this  purpose. 

Experiment  I.  To  a  0-3  per  cent.  HCl  solution  add  a  few  drops  of 
Congo  red  solution:'  the  red  tunis  to  blue.  Kepeat  with  a  dilute 
solution  of  acid  sodium  (NaHjPO,)  phosphate^no  blue  colour  develops. 
Show  that  the  latter  solution  reacts  acid  towards  litmus  or  phenol- 
phthalein.  Kepeat  this  experiment,  using,  instead  of  a  congo  red 
solution,  pieces  of  Congo  red  paper  prepared  by  dipping  filter  paper 
in  a  Congo  red  solution  and  drying. 

The  result  with  congo  red  indicates  that  the  acidity  is  due  to  free 
acid,  but  it  does  not  tell  us  whether  this  is  a  mineral  or  an  organic 
acid,  for  both  of  these  turn  it  blue,  although  the  mineral  acid  does 
so  much  more  readily,  i.e.  in  much  greater  dilution  than  the  organic. 
(Indeed,  if  a  solution  of  the  acidity  of  gastric  juice — as  determined 
by  the  method  described  on  p.  381 — gives  the  reaction  with  congo 
red  distinctly,  especially  when  congo  red  papers  are  used,  it  is  almost 
certain  evidence  that  free  mineral  acid,  and  not  organic  acid,  is  the  cause 
of  the  acidity.) 

To  further  trace  the  cause  of  the  acidity,  use  is  made  of  several 

indicators    whose   behaviour  towards   dilute  organic  and    combined 

mineral  acids  is  quite  different  from  that  occurring  in  the  presence  of  free 

mineral  acid.     The  most  important  of  these  indicators  are  employed  in 

the  following  experiments  which  should  be  performed  with  02  per  cent. 

N 
hydrochloric  acid  eolation,  j^  hydrochloric  acid  solution  (00366  per 

N  N 

cent.),  jr  lactic  acid  solution  (0'9  per  cent.)  and 

(0-09  per  cent.). 

Experiment  II.  Gunzberg's  Test.  Place  a  few  drops  of  the  reagent 
(a  solution  of  2  parts  phloroglucin  and  1  part  vanillin  in  30  parts 
95  per  cent,  alcohol)  in  an  evaporating  basin,  and  add  a  few  drops  of 

'  Cojujo  red  so^iHton— disKilve  0'5  gm.  of  coogn  red  in  100  c.o.  of  10  per  c 


e  reagent 

30  parts  ' 

'  drops  of  I 

)  per  cent.  I 
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the  liquid  to  be  tested.    Slowly  evaporate  to  dryneea.    With  dilute 
hydrochloric  acid  a  red  colour  develops,  with  lactic  acid  no  red  colour. 

Experiment  III.  The  Tropaeolin  Test.  Place  a  drop  of  a  saturated 
solution  of  Tropaeolin-00 '  in  95  per  cent,  alcohol  in  a  dry  evaporating 
dish,  and  dry  it  with  moderate  heat  To  the  yellow  stain  which 
results  apply  a  drop  of  02  per  cent,  hydrochloric  acid.  A  purple  colour 
is  produced.    Repeat  with  the  other  acid  solutions  provided, 

ExPERiUENT  IV.     Di-methyl-amino-aEO-benzol 

N{CHslj  -  C«H,  -  N  -  N  -  C,Hj 
(Topfer's  Test).^    Add  1-2  drops  of  the  reagent  to  some  of  the  solution 
to  be  tested.     If  this  contain  free  mineral  acid  a  pinkish  red  colour 
develops.    Organic  acids,  even  when  quite  dilute,  will  also  give  a  faint 
red  colour  with  this  reagent. 

It  will  he  found,  as  a  result  of  these  experiments,  that  the  reactions 
obtained  with  the  hydrochloric  a«id  solutions  are  more  or  less  simulated 
by  those  of  the  stronger  lactic  acid  solution,  except  in  the  case  of 
Giinzberg's  reaction.  On  the  other  hand,  this  reagent  gives  a  positive 
result  with  hydrochloric  acid  diluted  to  1  in  10,000  parte.  The 
tropaeolin  and  the  azo-benzol  reactions  with  02  HCI  are  also  quite 
distinguishable  from  those  given  by  lactic  acid  solutions  of  the  above 
strengths,  but  in  greater  dilutions  of  HCI  the  distinction  is  by  no 
means  so  definite. 

If  the  contents  of  the  stomach  (removed  by  a  stomach  tube  or 
through  a  fistula)  be  tested  with  any  of  the  above  reagents  some  three 
hours  after  an  ordinary  meal,  results  like  those  obtained  with  the  UCl 
solutions  will  be  observed.  This  is  taken  as  evidence  of  the  presence 
of  free  hydrochloric  acid.  Absolute  proof  that  it  is  this,  and  not  some 
other  mineral  acid,  that  is  the  cause  of  the  positive  result  has  been 
furnished  by  comparing  the  total  amount  of  hoses  with  the  total 
amount  of  acids  in  the  ash  of  gastric  juice  (see  p.  381) :  it  has  been 
found  that  there  is  an  excess  of  chlorine  over  that  required  to  combine 
with  the  bases  to  form  chlorides.  This  chlorine  must  exist  in  the  juice 
as  hydrochloric  acid. 

The  Functions  of  the  Acid.— These  are  generally  stated  as  being 
two  in  number. 

1.  To  assist  in  the  action  of  the  proteolytic  ferment,  pepsin.  Evi- 
dence of  this  will  be  furnished  when  we  study  the  action  of  pepsin. 
For  the  present  it  is  important  to  note  that  the  acid  combines  with 
the  protein,  and  that  the  amount  of  acid  which  thus  combines  increasea 

>  00  representii  a  trade  brand. 

*DUaolve  0'5  gr.  di- methyl -Kmiao-azo- benzol  ia  100  c.c  95  per  ceal.  alcohol. 
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aa  digestion  proceede,  because  the  combining  power  of  the  proteoses 
and  peptones  for  hydrochloric  acid  is  greater  than  that  of  native 
protein.  In  consequence  of  this  increasing  absorption  of  hydrochloric 
acid  during  peptic  digestion,  the  acid  becomes  combined  as  soon  as  it  is 
secreted  for  some  considerable  time  after  the  start  of  digestion.  After 
a  test  meal  of  soup,  meat  (200  gr.)  and  broad  (50  gr.)  it.  takes  from 
three  to  four  hours  before  there  comes  to  be  any  free  hydrochloric  acid 
detectable  in  the  gastric  contents,  although  during  all  this  time  the 
acid  is  being  actively  secreted.  In  cancer  and  in  catarrhal  conditiona 
of  the  gastric  mucosa,  and  in  fever,  the  secretion  of  hydrochloric  acid  is 
depressed  so  that  it  may  all  become  combined  with  protein  and  never 
appear  in  the  free  state,  i.e.  never  come  to  react  with  the  above 
indicators. 

3.  To  prevent  putrefaction  in  the  stomach.  Hydrochloric  acid  in 
the  free  state,  like  any  other  mineral  acid,  is  a  strong  antiseptic.  The 
micro-organisms  with  which  our  food  is  contaminated  are  therefore 
destroyed  before  they  have  had  time  to  multiply  to  any  degree  in  the 
stomach.  If  it  were  not  for  this,  the  stomach  contents  would  serve  as 
a  most  favourable  place  for  the  growth  of  these  micro-organisms,  and 
putrefaction  and  fermentation  would  become  excessive  in  them.  This 
is  actually  what  occurs  when  the  secretion  of  hydrochloric  acid  is 
deficient,  as  in  cancer.  If,  in  such  cases,  the  reaction  of  the  stomach 
contents  be  tested,  it  will  nevertheless  be  found  strongly  acid  to  litmus, 
and  if,  furthermore,  the  degree  of  this  acidity  be  estimated  (by  the 
method  described  on  page  381),  it  may  be  found  even  higher  than  that 
of  normal  gastric  contents.  By  the  application  of  the  indicator  tests 
described  a>)0ve  (especially  Giinzberg's),  it  can  readily  be  shown  that 
the  acidity  is  not  due  to  free  hydrochloric  acid.  This  leaves,  as  its 
possible  causes,  hydrochloric  acid  combined  with  protein,  acid  salts,  and 
organic  acids.  Since  it  is  known  that  micro^organismal  growth  is  apt 
to  produce  organic  acids,  especially  lactic  acid,  we  next  proceed  to  test 
for  the  presence  of  this. 

Experiment  V.  The  test  for  lactic  acid  is  performed  with  an  ethereal 
extract  of  the  gastric  contents,  which  is  made  by  mixing  5  c.c.  of  the 
gastric  contents  with  30  c.c.  ether  in  a  separating  funnel,  then  gently 
shaking  the  two  with  a  rotatory  motion  (avoid  violent  shaking,  else  an 
emulsion  is  apt  to  occur),  and,  after  settling,  pouring  off  the  ether. 
The  ethereal  extract  is  then  evaporated  to  dryness,'  the  residue  dis- 
solved in  a  little  water,  and  the  resulting  solution  tested  with  Uffel- 

'  In  evaporating  ether,  be  vtry  cary 
Bhoald  be  performed  oa  »  water  bath 
extingaUhed, 
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mann's  reagent  (30  c.c.  1  %  phenol  solution  and  a  few  drops  of  ferric 
chloride  solution).  The  blue  violet  colour  of  the  reagent  changes  to  a 
oharacteriBtic  yeilov  when  lactie  acid  is  present,' 

A  much  more  sensitive  and  characteristic  test  for  lactic  acid  is 
Hopkini/,  which  is  applied  as  follows : 

£xpiERiUENT  VI.  Mix  some  of  the  diy  ethereal  extract  of  stomach 
contents  with  5  c.c.  concentrated  sulphuric  acid,  and  transfer  to  a  dry 
test  tube.  Add  3  drops  of  a  saturated  solution  of  copper  sulphate, 
mix,  heat  the  mixture  in  a  boiling  water  bath  for  2  minutes.  Cool 
under  the  tap,  and  add  2  drops  of  a  0-2  per  cent  alcoholic  solution  of  thio- 
pbene  and  shake.  Replace  the  tube  in  the  boiling  water  bath,  and 
examine  it  frequently,  when  a  cherry  red  colour  will  be  found  to 
develop  if  lactic  acid  is  present.  Prolonged  heating  causes  the  solution 
to  become  very  dark. 

The  lactic  acid  is  produced  by  the  action  of  the  bacillvs  aeidi  ladki 
and  other  organisms  on  sugars  (see  Milk,  p.  339). 
CjjH^Oi,  +  Hp  =  ICgHgOj 
lACtose.  Laotlo  aoid. 

The  fermentative  process  seldom  stops  at  the  production  of  lactic 
acid.  Other  bacteria  act  on  the  lactic  acid  and  produce  batyric  acid, 
carbon  dioxide  gas,  and  hydrogen. 

iCjHgOs  -  2C,HgOj  +  4Co,  +  4Hj 
Laetio  ncld.  Bntyric  acid. 

These  gases  accumulate  in  the  stomach,  causing  flatulence.  The 
presence  of  butyric  acid  usually  reveals  iteelf  by  the  odoar  of  the 
gastric  contents.  When  its  presence  is  doubtful,  boil  a  portion  of 
the  fluid  and  hold  a  strip  of  blue  litmus  paper  in  the  steam.  If  this 
turns  red,  it  indicates  a  volatile  acid  (butyric  or  acetic).  Butyric  acid 
has  a  characteristic  odour. 

Acid  phosphates  (NaHjPo^)  when  present  in  gastric  contents  are 
demonstrated  by  mixing  calcium  carbonate  with  a  portion  of  the  fluid. 
If  an  acid  reaction  still  remains  towards  litmus  paper,  acid  phosphates 
must  be  present,  since  the  calcium  carbonate  will  have  combined  with 
the  free  acids. 

In  the  dinkat  examination  o/lht  stomach  coatenU  Dameroaa  metbodt  b»ve  been 
introduced  for  tbe  purpose  of  eitimBting  Che  total  aadity,  the  lolal  amoiaU  tf 
hydnx/Uork  aeid,  and  the  amount  offru  (uncomiiTwd}  AydrocUoric  aiM  oontained 
therein.  It  would  be  out  of  place  to  go  exhauetively  iuto  theie  methudi  hare, 
bat  a  brief  ontline  of  the  moat  trustworthy  may  be  of  value. 

'  It  is  indiipeusabte  to  make  an  ethereal  extract  for  thli  tort,  beeaoH  aloohol, 
■ogar  and  phoaphatea  give  the  reaction,  and  one  or  other  of  theee  i*  alwajra 
preaent  in  tiie  gattria  content*. 
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!•  Total  Addi^.— A  ineMDr«d  qoMitity  (10  cc )  of  filtered  gutria  coatenta 
U  Diixed  Id  ui  BrlonmByer  flaak  with  ten  UmM  iU  bulk  of  ditttUed  water.  Two 
or  three  drops  of  »  solntioD  of  phenol -phthiJein  are  added,  uid  the  eolation  i* 
titrated  with  ^  okiutio  eodk  eolnUoo  nntil  a  faint  pink  oolonr  ia  jnat  obtained. 
The  nnmber  of  o.c  of  alkali  required  U  read  of^  and  the  reenlt  eipreved  a«  the 
amount  of  jn  alkali  required  to  nentrallee  the  aolda  In  100  0.0.  filtered  gutrio 
oontente.  Thni,  an  aoidity  of  40  wonld  meftn  that  40  o-c  of  jjj  alkali  had  been 
required  to  neatraliee  the  adds  of  100  0.0.  gaetrio  contenta.  The  reinlt  may  also 
be  eiprened  in  terau  of  HCl,  and  thie  ia  the  method  moat  neefnl  in  physiology. 
1  cc  jg  alkali  equals  0-0036S  gr.  HCL  If,  for  example,  100  cc.  of  gastric  juioe 
reqnire  GO  cc.  r^  alkali  to  neutralise  it,  the  aoidity  in  terms  of  HCI  will  be 
0'182S.    In  other  wotde,  the  percentage  of  add  will  be  eqaivaleat  to  0*1826  HCL 

2.  Total  HTdrochloric  Acid  (>■«■  the  free  HQ-t-the  Ha  oombiued  with 
protein). — 10  cc  of  filtered  gastric  aontaotB  are  placed  in  a  platinum  dish  and 
evaporated  to  dryness  on  the  water  bath.  The  dish  is  then  heated  to  a  low  red 
heat,  so  that  oharring  is  complete,  bnt  the  resulting  oarbonaoeona  ntaterial  is  not 
bnmt  np.  The  mineral  chlorides  alona  now  remain  in  the  dish.  The  contents  of 
the  dish  are  rinsed  with  hot  distilled  water  through  a  fnnnel  into  a  100  o.o. 
measuricg  Saak.     The  flask  is  cooled,  S  cc  ultrio  acid  and  20  cc  tt:  silver  nilrato 

solution  are  added,  and  the  contents  made  up  to  100  cc  The  amount  of  silrer 
nitrate  used  in  proaipitatiug  the  chloride  present  la  then  determined  by  Volhard's 
method  (see  p.  434).  A  similar  experiment  is  performed  with  the  same  Tolome 
of  the  gastric  oontents,  to  which  slight  excess  of  sodium  carbonate  solution  Is 
added  before  evaporation,  and  again  the  amount  of  silTer  nitrate  used  in  pre- 
cipitating the  chloride  determined.  The  first  experiment  gives  the  mineni 
chloride  present,  equivalent,  say,  to  6  cc  v^  silver  nitrate.  The  second  experi- 
ment gives  the  total  chloride,  equivalent,  say,  to  10  cc.  t^  silver  nitrate  The 
difference  gives  the  volatile  chloride,  that  is,  the  hydrochloric  acid  free  and  com- 
bined with  protein.  In  the  hypothetical  case  this  is  10-fi=5c.c  tt;  silver  nitrate. 
The  gastric  oontents,  therefore,  contain  — tjt —  per  cent,  total  hydrochloric  acid. 
Normal  human  gastric  oontents  obtained  after  a  meal  containing  very  little 
protein  usually  contain  about  0*2  per  oent.  total  hydrochloric  acid.  This  hydro- 
chloric acid  determination  ia  of  value,  as  It  is  the  best  messnre  of  the  secretory 
activity  ol  the  gastrie  mucous  membrane  iu  pathological  condition*. 

3.  Free  HydrocUoric  Add.'— This  can  be  approximatoly  determined  by 
titrating  10  cc  gastric  juice  with  jT-  caustic  soda,  using  OUnzherg's  reagent  as 

'In  testing  for  free  HCl  in  solutions  containing  protein,  it  is  Important  to  bear 
in  miod  that  the  HCl  will  gradually  become  combined  with  the  protein.  The 
eolntions  should  therefore  not  be  allowed  to  stand  for  long  before  testing  them. 
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indicaMr.  In  doing  this,  the  gastric  contents  nre  mixed  with  the  aUndnrd  alkali 
in  a  stimll  evaporating  diah,  wDiplei  of  the  mixtore  being  removed  with  *.  gl«M 
rod  (or  testing  with  the  reagent. 

It  is  from  the  glands  of  tbe  cardiac  end  of  the  stomach  that  the 
hydrochloric  acid  is  secreted.  These  glanda  differ  from  those  of  the 
pyloric  end  iu  having  parietal  as  well  as  central  cells,  and  there  is  much 
evidence  to  show  that  it  is  the  special  function  of  the  former  to 
separate  the  hydrochloric  acid  from  the  blood.  After  the  injectioD  of 
solutions  of  neutral  salts  of  iron  into  the  blood,  the  parietal  cells,  whea 
treated  with  potassium  ferro-cyauide  solution,  turn  blue,  because  of  the 
formation  of  Prussian  blue  in  them.  No  other  cells  in  the  body  show 
this  reaction,  because  they  do  not  contain  the  necessary  acid. 


The  Organic  Matter. — If  pure  gastric  juice  be  cooled  to  O'C,  a 
precipitate  falls  down.  On  analysis,  this  precipitate  is  found  to  have 
nearly  the  same  percentage  composition  as  protein ;  and  on  testing  its 
action  on  a  solution  of  protein,  it  is  found  to  be  pepsin.  Pepsin  of 
similar  composition  can  also  be  prepared  by  saturating  gastric  juice 
with  ammoiiium  sulphate,  which  precipitates  it.  Whether  the  actual 
ferment  pepsin  is  what  we  obtain  by  these  methods  is  uncertain.  The 
methods  employed  for  obtaining  ferment  from  the  gastric  mucosa  aft«r 
death  yield  a  still  more  impure  product,  on  account  of  the  ferment 
adhering  to  the  proteoses,  et«.,  which  are  always  present  in  the  final 
precipitate. 

To  Prepare  an  Extract  of  Oastric  Haco&a  contaming  large  quantities 
of  Pepsin,  the  thoroughly  washed  Btoniacb  of  the  pig  is  taken,  and  the  macoaa 
is  Bcrapcd  off  with  a  knife.  The  scrapitiga  are  mixed  witli  a  large  exceu  (100 
times  their  bulk)  of  O'-l  per  cent,  hydrochloric  acid,  and  tbe  mixture  is  digested  for 
several  hours  in  the  incnbator.  The  extract  ia  then  filtered  tUrongh  moslin,  and 
may  be  employed  for  genera]  work  without  further  purification.  In  order  to 
separate  the  pepsin  from  the  excess  of  proteoses  which  thig  extract  contains,  the 
digeutiou  should  be  allowed  to  proceed  for  several  days  longer,  s 
proteoses  may  beuome  changed  into  peptones.  The  product  is  then  saturated 
with  ammonium  sulphate  crystals  ;  the  resulting  precipitate  of  proteoses,  which 
curries  down  the  pepsin  with  it,  is  pressed  free  of  fluid,  and  again  incubated  for 
a  few  days  with  several  volumes  of  05  per  cent,  hydrochloric  acid,  after  which  the 
digest  is  again  saturated  with  ammonium  sulphate.  This  linal  precipitate  is 
approximately  pure  pepain.  Tlie  amnioniiicn  sulphate  can  be  removed  from  the 
preparation  by  dialysis  through  parchnieiit. 

The  scrapings  of  mucosa,  after  being  treated  with  v 
pepsinogen  into  pepsin,  can  also  be  extracted  with  glyce 
which   is  most  need   commercially. 


uitsble  for  the  experimenta  aboat  to  be  described- 


Prior  to  its  secretion,  pepsin  exists  in  an  inactive  form  as  granules 
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the  gUnd  cells  of  the  stomach  mucosa.  This  precursor  or  zymogen 
(see  p.  388)  is  called  pepsinogen.  It  differs  from  pepsin  in  that  alkali 
does  not  destroy  it,  whereas  alkali  destroys  pepsin. 

Advakcid  Ezfkbimint.  Scrape  off  tfae  mncou  from  abont  three  (qnar* 
iDchea  of  the  itomach,  grind  it  with  some  uod  in  •  mortar,  and  gradnally  add 
aboDt  20  c.c  of  1  per  cent,  lodiam  carbonate  Bolation.  Filter.  When  about 
10  c.c  of  filtrate  haa  collected — which  will  take  wme  time  on  acconnt  of  the 
mncilagiDouB  natnre  o(  tbe  extiact^pUce  a  piece  of  washed  Gbrin  in  the  filtrate 
and  tncabata  at  body  temperatnre.  No  digestion  occurs.  In  balf  an  hour  add 
3  per  cent.  HCl,  drop  by  drop,  to  tbe  aolnlion  nntil  it  reacts  faintly  acid  towarda 
litmoa  and  again  incnbate.  The  fibrin  eooD  digests.  The  acidity  haa  converted 
pepiinogen  into  pepein.  Divide  the  resulting  solution  into  two  parta.  To  one 
of  these  add  1  per  cent,  aodium  carbonate  solution  nntil  faintly  alkaline,  and  set 
aaide  at  warm  temperatnre  for  15  minntea,  after  which  again  render  it  faintly 
acid  with  3  per  cent.  HCl.  To  both  test  tube*  now  add  aiaiilar  pieces  of  fibrin 
and  warn  to  body  temperatare.  It  will  be  found  that  the  fibrin  becomes  quickly 
digested  in  the  tabe,  which  has  been  kept  at  acid  reaction,  but  not  in  the  other 
tube,  because  of  tbe  alkalinity  of  the  aolution  having  destroyed  the  peptio. 
Pepsinogen,  therefore,  withstands  an  alkaline  reaction,  bat  pepsin  is  destroyed. 

The  most  favourable  conditions  for  the  action  of  pepein  may  be  studied 
in  the  test  tube  as  described  in  the  following  experiments : 

The  Action  of  the  Oastiic  Juice.— The  most  convenient  protein  for 
studying  the  action  of  pepein  is  blood  fibrin  which  has  been  very 
thoroughly  washed  with  boiling  acidulated  water  so  as  to  remove  all 
impurities.  Cubes  of  coagulated  egg  white  may  also  be  employed,  but 
they  digest  more  slowly  than  fibrin. 

Experiment  VII.  Label  six  teat  tubes  A,  B,  C,  D,  E,  F,  and  place 
a  small  piece  of  fibrin  in  each.  Half  fill  A  with  water,  B  with  0-2  per 
cent.  HCl,  C  with  water  and  a  few  drops  of  peptic  extract,  D  with  0*2 
per  cent.  HCl  and  a  few  drops  of  peptic  extract,^  E  same  as  D,  but  boil 
the  mixture,  and  F  with  1  per  cent,  sodium  carbonate  solution  and  a 
few  drops  of  the  peptic  extract. 

Place  all  these  in  a  water  bath  kept  constantly  at  body  temperature 
(37-38*),  Observe  that  in  A  the  piece  of  fibrin  remains  unchanged, 
whereas  in  B,  D,  and  E,  which  all  contain  0-2  per  cent.  HCl,  it  becomes 
swollen  and  transparent.    In  F,  which  contains  alkali,  it  does  not  swell. 

ExpBRiHKNT  VIII.  After  about  half  an  hour,  remove  a  sample  of 
the  contents  of  any  of  the  tubes  containing  acid,  colour  it  faintly  with 
a  drop  or  two  of  litmus  solution,  and  then  carefully  neutralise  with 
weak  sodium  carbonate  solution  (I  part  1  per  cent,  sodium  carbonate  + 
2  parte  of  water).  A  precipitate  of  acid  meta  protein  or  syntonin  is 
usually  produced  (for  reactions,  see  proteins,  p.  310). 

'  Use  larger  quantities  of  fibrin  and  fluid  in  this  test  tube,  because  the  prodnota 
of  digestion  will  be  required  for  succeeding  eiperimenta. 
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The  first  Btage  in  gastric  digeation  of  proteins  coiuista,  therefore,  in 
the  production  of  aoid  meta-protein  by  the  weak  HCL  As  we  ahall  see 
later,  this  preliminary  change  is  Qecessary  before  pepsin  can  further 
hydrolyse  the  protein. 

Experiment  IX.  Remove  a  sample  of  the  contents  of  Z>  and  apply 
the  following  tests: — (a)  The  Biuret  reaction — roso-pint  colour;  (6)  Add 
nitric  acid  (cone.)— whit«  precipitate,  which  clears  up  on  heating  and 
returns  on  cooling;  (e)  Add  a  few  drops  of  a  saturated  solution  of 
salicyl  sulphonic  acid.  A  white  precipitAte  results  which  disappears  on 
heating  and  returns  on  cooling.  These  results  show  us  that  proteoses 
have  been  produced  (see  p.  310). 

The  production  of  proteoses  constitutes  the  second  stage  of  peptic 
digestion,  and  it  is  the  pepsin  which  produces  the  change.  If  samples 
of  any  of  the  other  test  tubes  than  D  be  examined,  no  proteose  will 
be  found,  either  because  no  pepsin  has  been  present  (as  in  A  and  B), 
or  because,  though  present,  its  action  has  been  destroyed  by  heat  (as 
in  E),  or  there  has  been  no  acid  present  to  produce  sjmtonin  and  help 
its  action  (as  in  C  and  F). 

There  are  two  principal  varieties  of  proteoses  developed,  namely 
"primary"  and  "secondary";  the  former  are  precipitat«d  by  half 
saturation  with  ammonium  sulphate,  the  latter  begin  to  be  precipitated 
at  two-thirds  saturation  with  this  salt. 

Experiment  X.  Take  a  sample  of  a  peptic  digest  of  two  days' 
duration.  Heat  this  to  near  boiling  point,  and  add  ammonium  sulphate 
crystals  till  no  more  will  dissolve.  Now  change  the  reaction  of  the 
fluid  to  alkaline  and  allow  to  cool*  Filter  and  test  the  filtrate  for 
Peptone. 

1.  By  Biuret  reaction — (remember  to  add  a  large  excess  of  caustic 
alkali,  so  that  more  than  is  sufficient  to  decompose  the  ammonium 
sulphate  may  be  present  in  the  fluid) — rose-pink. 

3.  By  nitric  acid  or  salicyl  sulphonic  acid  teste— no  precipitate. 

In  peptic  digestion  some  of  the  protein  is  always  further  broken 
down  to  amino  acids. 

Uethod  of  Separation  of  Products  of  OaBtric  Digestion.— Fibrin  la 
boiled  firat  with  tap  wit«r,  and  then  with  O'l  per  cent,  hydrochloric  aoid  to 
purity  it.  It  ia  placed  (or  1-2  hours  in  an  Incobator  along  with  five  timsa  ita 
bnlk  of  0*2  per  cent,  hydrochloric  acid  and  a  aixtb  Ita  balk  of  oommeraial  paptio 
extract.     (A  solation  of  Witte'i  peptooe  may  alao  be  employed). 

The  products  of  digeation  can  be  leparated  from  thie  digest  by  the  following 
proceei: — 

'  It  ia  only  by  thas  aatarating  in  the  heat,  both  in  acid  and  alkaline  reaotion, 
that  all  truces  of  aecondary  proteose!  are  precipitated. 
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(1)  Boil  the  loIntiDD  in  &  beaker  or  evaporating  dlih,  cool  Mid  Mp&ntta  any 
ooagnlated  native  protein  bj  filtration. 

(2)  Carefully  nentrallM  the  filtrate  with  1  per  oent  •odloin  <mrboiwt«  aolntion  ; 
if  a  precipit«itc  of  metaprotein  (lyntonin)  falls  down,  aepante  it  by  filtration. 

(3)  The  reanlting  filtrate  ii  now  abaken  vigoronily  with  an  equal  volnme  of  a 
■atnrated  aolntion  of  ammoninm  anlpbate.  A  precipitate  of  primary  prottoatl 
forma  aince  theae  we  intotable  In  half  tatnmted  ammoDlnm  aniphate  eolation. 
Collect  the  precipitate  on  a  filt«r  paper  and  preaerve  tfa«  filtrate.  The  further 
invaatigationa  of  the  precipitate  and  filtrat«  ara  conducted  aimnltaneonalj.  The 
preapilaU  is  waehed  at  leaat  onc«  with  a  baU-Mtorated  aoIatiOD  of  ammoniam 
aniphate,  the  filter  paper  floated  on  to  water  in  an  evapora^g  diah  atirred  np 
with  a  glan  rod,  warned,  and  portion*  of  the  reanlting  eolation  of  primary 
proteoae*  (containiog  ammoainm  aniphate]  employed  for  the  foUowing  teata  : — 

1.  Add  a  few  dropa  of  a  aatnrated  aolntion  of  aUicyl  tnlphonic  aoid — a  whit« 
precipitate  forms  which  diaaoivea  on  heating  and  reappeara  on  cooling. 

2.  Add  a  few  dropa  of  pore  concentrated  nitric  acid.  The  aame  reaalt  is 
obtained  aa  in  1. 

3.  Apply  th«  Koret  tett  uaing  a  tafllciency  of  20  per  cent,  caoitic  aoda  solution 
to  permit  of  aome  ezceaa  after  all  the  ammoninm  lolphate  haa  been  deoompoaed 
(ace  p.  31 

4.  Apply  the  varioua  protein  teata  daacribed  on  pp.  302,  303.< 

The  filtrate  still  containa  the  seoondary  proteoeee.  These  are  precipitated  by 
adding  anfficient  anlphnrio  acid  to  the  filtrate  to  render  it  diatinctly  aoid  towards 
litmns,  saturating  while  boiling  with  ammonium  aniphate  cryatala,  adding 
ammonia  till  just  aJlialine  and  allowing  to  oool.  The  precipitate  is  then  filtered 
ofi',  diasolved  in  water,  and  the  teata  described  under  primary  proteoaea  applied 
to  the  solution.  The  precipitates  with  nitric  aoid  and  salioyl  aulphonic  acid  will 
be  much  leaa  marked  than  with  primary  proteoses. 

The  filtrate  &fter  removal  of  the  last  traces  of  proteose  is  tested  for  peptone* 
by  applying  the  Biuret  test  with  eioess  of  caustic  aoda,  and  other  general  protein 
teats. 

For  convenience  in  t«sting  the  large  amount  of  ammoninm  aniphate  present 
may  be  removed  by  boiling  the  solution,  adding  bariom  carbonate  as  long  a* 
ammonia  continues  to  be  evolved,  and  filtering. 

The  table  on  page  386  sbowa  the  main  reactioss  of  tho  intermediate 
products  of  peptic  digestion  (as  occurring  in  Witte's  Peptone)  com- 
pared with  those  of  native  protein.     (See  also  p.  312.) 

The  action  of  gastric  juice  in  curdling  milk  is  described  in  the  section 
on  Milk  (see  p.  327).  This  action  is  usually  attributed  to  the  ferment 
rennin,  but  it  is  probable  that  rennin  &nd  pepsin  are  identical,  as  proteo- 
lytic ferments  always  have  a  rennin  action,  and  the  proteolytic  activity 
of  a  given  ferment  is  proportional  to  its  rennin  activity. 

The  gastric  juice  scarcely  affects  other  foodstuffs.     In  the  case  of  fat, 

however,  it  dissolves  the  protein  envelope  of  the  fat  cell,  and  liberates 

the  contents,  which  now  float  in  the  chyme  as  oil  globules.    On 

emulsified  fats  the  gastric  juice  can  effect  hydrolysis  into  fatty  acid 

'  The  alkaloidal  T«*g«Dta  give  precipitate*  with  protao*«*. 
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and  glycerine  in  virtue  of  a  lipase  which  is  secreted  by  the  gastric 
glands. 

Method  of  Egtinutins  Activity  of  Pspsin  Bolattoaa.  (t)  GInitnier's 
Uethod  (Approzlniate). — Fibrin,  pnrified  u  kbove  dMcribad,  i*  stuned  with 
oarmine  ■olntioD,  and  wuhed  free  of  adherent  atain.  Eqnal  weighed  qnmtitiea 
are  then  placed  in  two  teat  tubaa,  and  10  c.c.  of  0-2%  hjdrocfalotio  acid  are  added 
to  each.  Equal  quantitlee  of  the  pepain  lolntiona  which  ft  la  deaired  to  teat  are 
added,  and  the  tubee  placed  in  the  Incnbator.  Aa  the  Gbrin  becomea  digeated  the 
earmine  [a  liberated,  and  ataina  the  aolntion.  The  more  deeply  atained  aolntion, 
therefore,  contains  the  atronger  ferment.  The  exact  amonnt  of  oarroine  liberated 
tnay  be  determined  by  compariDg  the  d{ge*t«  with  an  artificial  acaie  oonaiatiDg  of 
ten  aolntiona  of  carmine  of  different  known  atrengCha.  A  control  of  0'2  %  HCl 
and  carmine  fibrin  aught  alao  to  be  atadied. 

{3)  Hett'H  Method.— A  Darrow  glaaa  tnbe  1  to  3  nun.  in  diameter,  and  drawn 

'  Proteose  B  can  be  fractionated  into  variooa  sab-v«rietie*  which  difier  from 
one  another  in  their  elementary  composition  and  aomewhat  in  their  reaotiona. 
There  ia  one  varietj'  of  proteose  B  which  gives  no  reaction  with  Millon'a  reagent. 
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t«  4  fine  paiat  at  both  «itd«,  ii  fillad  with  agg  white,  the  ends  elomi  m  tha 
flamBi  and  the  tuba*  than  hoatad  lo  that  a  oolmnn  of  coagulated  albomin  U 
obtained.  It  U  tben  cat  ioto  aegineiita  of  equal  length,  and  two  of  tbeae  are 
placed  in  a  t«it  tube  which  contaiu  the  peprin  aolDtioQ  acidified  with  0-2% 
hydrochloric  acid.  Two  eiiiiilar  tnbea  are  plaoad  In  another  teat  tube  with  the 
other  pepaio  lolntion.  Both  are  placed  in  the  incnbatoF  fiw  leveral  (10)  boon. 
The  length  of  diaaolred  protein  oolnmn  ia  then  meacnred  in  both  caaaa,  and  the 
deeired  leaolt  ii  obtained  hf  iqiuring  thia  diatance. 

Thoa  if  in  one  teat  tnbe  the  length  were  2,  and  in  the  other  3,  the  atrength  of 
the  two  pepun  eolDtioni  haa  the  ratio  of  4  to  9. 

Thia  (iMtfaod  ia  only  aocnrate  when  weak  pepain  aolutioni  are  naed.  If  mere 
than  4nun.  of  protein  are  digeatad,  the  eatimation  mnat  be  repeated  with  diluted 


CHAPTER   XIV. 

DIGESTION  IN  THE  INTESTINE. 

I.v  about  half  an  hour  after  the  food  enters  the  stomach,  small  portions 
of  it  begin  to  pass  through  the  pyloric  sphincter  into  the  duodenum. 
These  have  undergone  gastric  digestion  and  constitute  chyme.  This 
leakage  goes  on  until  the  stomach  has  completely  emptied  itself,  the 
length  of  time  necessary  for  this  (3-10  hours)  varying  with  the  quantity 
and  quality  of  the  food,  and  with  the  activity  of  the  gastric  juice. 

The  chyme,  as  it  leaves  the  stomach,  is  strongly  acid  in  reaction  to 
all  indicators.  In  the  duodenum,  it  becomes  mixed  with  the  secretions 
of  Brunner's  glands  and  with  those  of  the  pancreas  and  liver,  which 
latter  are  poured  into  that  portion  of  the  intestine  by  one  common  duct, 
and,  as  it  travels  on  to  the  jejunum,  it  also  becomes  gradually  mixed 
with  the  intostinal  juice,  secreted  from  Lieberkuhn's  follicles.  These 
various  secretions  are  alkaline  in  reaction,  in  consequence  of  which  the 
acid  of  the  chyme  becomes  neutralised,  so  that  the  contents  of  the 
lower  portion  of  the  duodenum  and  of  the  upper  portion  of  the  jejunum 
become  alkaline  in  reaction  to  litmus.  Although  the  acidity  of  the 
gastric  juice  prevents  the  growths  of  organisms  in  it,  it  does  not  bill 
their  spores,  and  these  are  carried  into  the  intestine  along  with  the 
chyme.  When  this  latter  becomes  alkaline,  however,  the  conditions 
are  very  favourable  "for  organismal  growth,  and  the  spores  become 
transformed  into  the  active  organisms  which  multiply  quickly,  mean- 
while receiving  their  nourishment  from  the  half-digested  foodstuffs.  In 
this  way  the  organisms  assist  the  digestive  juices  in  decomposing  the 
foodstuffs.  Among  the  producte  of  this  organismal  growth  are  several 
organic  acids,  so  that  the  food,  before  it  has  gone  far  along  the  intestine, 
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apis  linnwiM  aad  in  metioD  towBrds  litmoB.  Tlie  muooaa  of  tba 
hv^  uHMdne  doea  not  aacKta  any  digMtiTe  inices,  it6  sole  functioD 
In  ita  paange  along  it  the  flaid  of  tha 
■  gndoally  abaorbed,  and  tJie  unabflorbed 
nHdae  forms  tke  faeeea. 

It  wiD  be  Men,  tbentfon,  tliat  tliere  an  four  dutioot  digestive 
agemica  at  work  in  tlw  intestine,  and  ve  wiU  now  study  the  action  of 
ead  (rf  tbeae  scfaiatel;. 

n*  Pancnntic  Jniea.  Cbs^KMfMM.— This  can  be  collected  by  pro- 
docing  a  fistula  v£  the  paociealic  duct.  The  joice  is  strongly  alkaline 
in  raactaoo,  gins  a  eoagulom  of  protein  on  boiling,  and  contains,  besides 
pn>t«in,  a  consideraUe  amtxut  of  otganic  natter. 

lu  percentage  composition  varies  vety  much  with  the  method 
adopted  for  collecting  it,  tlu^  obtained  immediately  after  the  establish- 
ment of  the  fistula  being  very  much  richer  in  solids  than  that  secreted 
a  few  days  lat«r. 

mnsUrkflsr         Pansaiwnt 

Water. MW  97-68 

Total  aolida. 9-9S  2-^ 

Orpnk. 9-04  1-64 

laoriganic, 0-S8  O-flS 

In  Studying  its  digestive  action  we  may  employ,  as  in  the  case  of 
gastric  digesdon,  an  extract  of  the  gland.  This  extract  may  be  made 
with  glycerine,  after  treating  the  minced  gland  with  weak  acid,  or 
allowing  it  to  stand  some  time,  so  as  to  conreri;  Uie  lymogens  into  the 
active  ferments.  Glycerine  does  not  extract  all  the  ferments,  however, 
so  that  it  is  more  usual  to  employ  the  minced  gland  itself,  or  a  watery 
extract  of  it 

The  secretion  (rf  pancreatic  juice  is  etimulat«d  by  the  presence  in  the 
blood  of  a  substance  called  secretin.  Secretin  is  produced  in  the  epi- 
thelial lining  of  the  small  intestine  by  the  action  of  weak  acids  on  it. 
Thus,  if  some  of  the  inner  lining  of  the  small  intestine  be  scraped  off 
and  ground  in  a  mortar  with  fine  sand  and  0-4  %  HCl,  and  the  resulting 
mixture  boiled,  neutralised  and  filtered,  a  solution  is  obtained  which, 
when  injected  intravenously  into  an  anaesthetised  animal  with  a  pan- 
creatic fistula,  causes  an  immediate  and  abundant  secretion  of  pancreatic 
juice.  The  secretin  does  not  exist  preformed  in  the  intestinal  epi- 
thelium, for  a  saline  extract  of  this,  when  similarly  injected,  baa  no 
effect  on  pancreatic  secretion. 

The  pancreatic  juice  thus  secreted  differs  in  ite  digestive  properties 
from  an  extract  of  pancreas.     The  chief  difference  lies  in  the  fact  that 
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it  can  digest  proteins  only  feebly,  because  it  does  not  contain  active 
trypsin  but  only  its  zymogen  trypsinogen.  To  convert  the  trypainogen 
into  trypsin,  mixture  with  succua  eiitericus  ia  necessary.  The  succus 
entericus  contains  a  aubstance  called  enterokinase  which  activates  the 
trypainogen. 

There  are  three  active  ferments  in  pancreatic  juice,  one  proteolytic — 
trypsin ;  one  amylolytic — amylopsin  or  amylase ;  one  steatolytic — 
steapsin  or  lipase. 

I.  Trypsin. —Like  pepsin,  thia  ferment  hydrolyses  protein,  and  Icada 
to  the  production  of  proteoses  and  peptones.  In  this  case,  however, 
digestion  is  more  complete.  Under  suitable  conditions  the  proteoses 
and  peptones  can  disappear  entirely,  polypeptids,  amino  acids  and 
hexone  bases  resulting;  the  ultimal-e  decomposition  products  are,  in 
fact^  almost  the  same  as  when  a  strong  acid  is  used  as  the  hydrolysing 
agent  (see  Proteins,  p.  299). 

Experiment  L — A  solution  of  pancreatic  extract  in  1  %  sodium 
carbonate  is  prepared  (Liq.  Pancreaticua  (Bcnger),  diluted  thirty  times 
with  1  %  sodium  carbonate  solution).  In  order  to  study  the  action  of 
this  on  proteins,  add  to  it  a  piece  of  fibrin  which  has  been  soaked  over 
night  in  1  %  sodium  carbonate  solution,  and  place  on  a  water-bath  at 
body  temperature. 

The  following  points  of  difference  may  be  noted  between  this  and 
the  peptic  digestion  of  fibrin:  {!)  The  reaction  ia  alkahne;  (2)  there 
is  no  preliminary  swelling  of  the  fibnn ;  it  is  gradually  eaten  away 
(erosion);  (3)  when  the  piece  of  fibrin  has  nearly  disappeared  remove 
a  sample  of  the  digest,  and  neutralise  with  weak  acetic  acid.  A  pre- 
cipitate of  alkali  motaprotein  results  (for  Reactions,  see  p.  310). 

Apply  to  another  sample  the  tests  for  proteoses  and  peptones,  and 
note  that  they  are  positive.' 

Experiment  II. — If  the  pancreatic  extract  in  Experiment  I.  be 
boiled  before  the  fibrin  is  added,  no  digestion  will  result.  The  digestive 
agent  is,  therefore,  a  ferment  which  is  destroyed  by  heat. 

Experiment  III.— Repeat  Experiment  I.,  making  the  reaction  acid 
by  means  of  hydrochloric  acid.  Note  that,  although  the  fibrin  becomes 
swollen  up^as  this  depends  on  the  acid,  not  on  the  ferment — no  forma- 
tion of  proteoses  or  peptone  occurs.  The  trypsin  cannot  act  in  acid 
medium,  being  destroyed  in  this  reaction. 

(4)  Trypsin  can  carry  digestion  further  than  pepsin. 

Lencin,  Tyroain  and  the  other  Products  of  Tryptic  DigeBtion. — 
During  digestion  of  protein  by  trypsin  a  number  of  amino  acids  are 

•No  primary  prolcoie  ii  formed  by  tryptic  digMtion  j  there  it,  however,  a 
coniidenble  anioaot  of  BecouilBry  proteoae  (we  p.  3S6). 
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produced,  of  which  leuoin  and  tyroein  «re  examples.  An  amino  acid  is 
derived  from  an  organic  acid  (containing  therefore  the  -  OOOH  group) 
by  the  aubBtitution  of  one  of  the  hydrogen  atomi  attached  to  a  oat1>on 
atom  of  the  chain  {e.g.  CH,  - ,  -  CH  - )  by  the  amino  group  (NH,). 

Thua  acetic  acid  has  the  fonnula  CH,COOH. 

If  one  of  the  "  H'a "  of  the  CH,  group  be  diapUced  by  NHy  the 
result  is  NHj.  CH,.  COOH,  which  la  amino  acetic  acid,  also  called 
glycin  and  glycocoll. 

Glycin  is  formed  during  the  digestion  of  gelatine  and  globulin,  but 
not  of  albumin.  It  also  exists  in  the  bile,  where  it  entera  into  the 
formation  of  one  of  the  bile  salts  (e.g.  glycocholate  of  Boda  is  glycin 
+  cholalic  acid).  It  likewise  occurs  in  combination  with  benzoic  acid, 
as  hippuric  acid,  in  the  urine  of  herbivorous  animals,  and  to  a  less 
extent  in  the  urine  of  man. 

The  amino  acid  corresponding  to  the  next  acid  of  the  acetic  acid 
eeries,  viz.  propionic  acid  CHg.  CH,.  COOH  is  amino-     qu 
propionic  acid,  or  alanin,  CHj .  CHNH, .  COOH.     In 
the  free  state  it  is  only  produced  from  a  few  proteins,' 
and  is  unimportaut,  but  it  is  frequently  combined 
with  phenol,  the  resulting  compound  being  tj/rosia.    i       ■       __ 
If  in  the  formula  of  phenol  the  H  atom  in  the  para       y^        ,   ^ 
position  to  the  OH  group  be  replaced  by  amino 
propionic    acid,    para-bydroxyphenylamino-propionic  ~     \ 

acid,  or  tyrosin  results.     It,  therefore,  belongs  to  the  COOH. 

aromatic  group   of  organic   bodies,  and   because  it  Tyrosm. 

contains  hydroxyphenyl  (the  radicle  of  phenol)  it  reacts  red  with 
Millon'a  reagent  (see  Proteins,  p.  302). 

Experiment  IV.  Add  Millon's  reagent  to  some  pancreatio  digest ; 
a  white  coagulum  of  proteins  resulte.  Filter.  Boil  the  filtrate.  It 
turns  red,  because  it  contains  tyrosin. 

Experiment  V.  Examine  the  crystals  of  tyrosin  supplied  you 
under  the  microscope,  and  note  that  they  consist  of  fine  needles 
grouped  into  star-shaped  masses  (Fig.  236),' 

There  are  no  other  important  amino  acids  till  we  come  to  the 
member  of  the  series  which  contains  six  carbon  atoms,  via.,  coproic 

'  By  the  hydrolyaia  of  haemoglobin,  however,  at&niii  ia  s  very  aboiidMit  deoom- 
positioD  product. 

'A  body  very  chwely  related  to  tyrosin  in  its  cbemicsl  ■tmctuTB  has  recently 
been  deioribed  unongit  tbe  prodocti  of  hydrolysis  of  proteins  by  adds.  This  ia 
phenyUUnin,  differing  from  tyrosin  only  in  that  it  does  not  contun  the  pbenoUe 
OH  group.  It  hat  also  been  discovered  in  tbe  products  of  tbe  prolonged  aetion 
of  pepain  on  proteins. 
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acid.  The  amino  acid  of  this  ia  closely  related  to  leiMn.  It  has 
recently  been  shown,  however,  that  the  true  constitution  of  leucin 
is  not  amino-caproic  acid  but  rather  amino-isobutylacelic  acid  (CHj), : 
CH.CH,.CHNH,.COOH. 

Experiment  VI.  Examine  crystals  of  leucin  under  the  micro- 
scope and  note  that  they  consist  of  round  balls  not  unlike  oil  globules 
yellowish  in  colour,  and  nanally  having  concentric  markings  (Fig.  2 


T..eucin  and  tyrosin  were  among  the  first-discovered  composition 
products  of  proteins,  and,  on  account  of  the  ease  with  which  they 
are  isolated,  they  have  been  detected  in  nearly  every  organ  and 
tissue  of  the  body,  being  probably  produced,  however,  by  the  chemical 
agencies  employed  in  examining  these,  and  not  existing  as  such  in 
the  living  tissue.  They  also  occur,  along  with  excess  of  ammonium 
salts,  in  the  urine  of  patients  suffering  from  severe  disease  of  the  liver. 

Not  only  are  amino  derivatives  of  mono-basic  acids  produced  during 
protein  decomposition,  but  we  may  also  have  similar  derivatives  of 
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di-bttgio  aoids.    Oae  of  the  simplest  of  these  latter  is  suocinic  acid, 
COOH.CHj.CHj.COOH. 

If  an  "  H  "  atom  attached  to  a  carbon  atom  of  the  chain  be  replaced 
by  the  amido  group  (NHj),  a^artie  add  resulte,  COOH .  GHNH, .  CHj . 
COOH.  Besides  being  produced  in  tiie  intestine  by  the  action  of 
trypsin  on  protein,  it  dso  occurs  plentifully  in  plants.' 

Another  important  di-basic  amino  acid,  which  is  also  a  common 
decomposition  product  of  protein,  is  glutaminic  acid.  It  contains  one 
more  C  atom  than  aspartic  acid,  and  has  the  formula :  COOH .  CHNHj . 
CH,.CH,.COOH. 

Ail  these  amino  acids  retain  to  a  certain  extent  their  acid  properties. 
Thus  they  can  combine  with  bases  to  form  salts.  On  the  other  hand, 
on  account  of  the  NH,  group  which  they  contain,  they  also  show  faint 
basic  properties,  in  that  they  can  unite  with  metallic  salts,  forming 
double  compounds,  which  are  very  useful  in  preparing  the  pure  amino 
acid.     Their  ethereal  salts  shew  marked  basic  properties. 

Besides  these  monoamino  acids,  there  are  also  produced  bodies  in 
which  more  than  one  amino  group  eziats.  These  have  a  distinctly 
basic  reaction,  and  combine  with  weak  acids,  such  as  phosphotungstic* 
They  also  form  double  salts  with  silver  nitrate.  These  two  reactions 
are  taken  advantage  of  in  separating  these  bases  from  the  mono-amido 
acids.  Since  these  bases  contain  six  carbon  atoms,  they  are  called 
keircmt  bases,  and  the  most  important  are  lysine  (CjH,{NH2)jC00H) 
and  arginine  (C^HnN^Oj). 

Lysine  is  a-<-di-amino-caproic  acid,  being  therefore  somewhat  related 
to  leucine.     Its  structural  formula  is : 

NHg .  CH .  CH, .  CH, .  CH, .  CHNHj .  COOH. 

Arginine,  tbe  moat  frequently  occuning  decomposition  product  of 
protoin,  is  chemically  S-guanidin  a-ami no- valerianic  acid.  This  is  a 
peculiarly  interesting  decomposition  product  of  protein  because  on 
hydrolysis  it  is  split  into  urea  and  di-arai no- valerianic  acid  or  omithin. 
The  urea  comes  from  the  guanidin  radicle  thus : 
H    H    H  NHj 

NH-C-C-C-C-COOH-i-HjO- 

NH=  C      H    H    H    H 

I  a-omino-v&Ierianio 

NHj  Mid. 

guanidin 
ladiole. 
'  If  the  OH  group  of  the  COOH  fsdicle  of  aspartic  acid  be  further  replaced  by 
NH,  we  have  aspartf^D. 
'This  coroplez  acid  baa  the  formala  H,POt.  llWOi.  12H^. 
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NH,  H    H    H  NH, 

I      J,      1       I 
O.C  +  NH,-C-0-C-C-COOH 

I  1111 

NH,  H    H    H    H 

Urea.         a.  S.  di -amino- valonnnlo 
ftoid,  or  omitLin. 

Histidine  (CjIIgNjOj)  differs  essentially  from  the  above  so-called 
hexone  bases  in  coDtaining  a  ring  formation  of  atoms  in  the  molecule. 
It  ia  believed  to  be  a-Bmino-|8-imidazQl  propionic  acid : 
,NH-CH  NEL 

Ch/  n  1 

^N    -  C  -CH,-CH-CX>OH. 

A  product  of  some  interest  ia  cysfrn  :— COOH.CHNHj.  CHj.  S.  S. 
CHj.  CHNHj.  COOH.  It  ia  converted  into  cystein  by  reduction. 
Cyatein  ia  a-amino-^-thiolactic  acid  :— SH.  CHj.  CHNH;,.  COOH.  It 
ia,  therefore,  closely  related  t«  alaniii  (CHj-  CHNHj.COOH)  or  amino- 
propionic  acid.  Cyatin  is  probably  the  source  of  the  tauriii  of  bile, 
and  is  the  chief  sulphur-containing  constituent  of  protein. 

By  reference  to  the  table  on  p.  299  it  will  be  seen  that  trypsin 
produces  much  the  same  decomposition  products  as  strong  acid. 
Certain  part«  of  the  protein  molecule,  however,  resist  the  action  of 
trypsin  for  a  long  time,  such,  for  example,  aa  those  which  contain 
the  pyrrolidin-earboxylie  acid  and  pheiiylalanin  groupa.  Between  the 
peptones  which  give  the  Biuret  test  and  the  amino  bodies  are  several 
lower  peptones  or  polypeptida  which  do  not  give  this  test. 

To  iiiolata  and  identify  the  vatioua  products  of  tryptic  digestion  of  protein 
would  comume  far  too  much  time  and  re<|uire  too  great  a  bulk  of  material  to  make 
it  practicable  ai  a  claas  exerciie.  Two  of  the  commoaeat  de){i'adation  products. 
viz,  leucin  and  tyrosin,  can,  however,  be  iaolated  with  conipariitive  ease,  althoagh 
even  for  this  purpose  a  considerable  bulk  of  material  is  required.  A  method  for 
tbe  isolatioD  of  tryptophane  ia  also  deBcribed.' 

Advanced  Experiment. — Mince  up  a  pi^^  pancreas  thoroughly,  and  shake 
it  in  a  flask  with  500  c.c.  of  water  cDOtaining  3  c.c.  of  a  saturated  solutioo  of 
sodium  carlMiDBte,  and  3  c.c.  of  cbloroFurm.  Add  also  about  200  grams  of  iilood 
fibriii,  which  has  previouaty  been  soaked  iu  1%  sodium  carbonate  Bohition.  Place 
the  tiask  in  an  incubator  at  Imdy  temperature,  and  after  three  days  test  the 
reaction  of  the  digest  towards  litmus.  If  acid,  add  more  sodium  carbonate  till 
distinctly  alkaline.  Also  remove  about  10  c.c.  and  iiUer  into  a  test  tube.  To 
this  sample  carefully  add  a  few  drops  of  bromlue  water.  A  violet  colour  reaults, 
the  intensity  of  which  should  be  carefully  noted.  This  colour  reoctii 
tryptophaua,  an  aromatic  amino  acid  which  is  liberated  by  the  action  of  trypsin 
(see  p.  3S5). 

'  These  exercises  are  introduced  here  for  the  benefit  of  the  more  advanced 
students,     lliey  should,  however,  be  read  by  the  junior  etadeut 


of  trypsin  J 

i  advanced  fl 

J 
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Twt  the  reaction  towarrta  litmus  and  the  inlomity  of  the  tryptophane  reaction 
oa  rach  succeeding  day.  When  the  tryptophane  reaction  becomes  very  intense  (ia 
about  five  tlays)  proceed  to  isolate  Icucin  and  tyrosin  in  the  following  maaneT  -. — 

The  digeet  is  rendered  faintly  acid  with  acetic  acid,  boiled  and  filtered  hot.  A 
■ample  of  the  filtrate  is  removed  and  tested  for  proteose.  A  negative  reBoU  a 
usually  obtained. 

1.  Separation  of  Tyrosin.— The  temaiader  is  evaporated  on  the  water-bath 
to  a  thin  syrup.  This  is  allowed  to  stand  ou  ice  or  in  a  cold  place  for  several 
Jays.  White  Socculi  of  lynuia  separate  out.  These  are  filtered  through  fine 
niuslin,  and  removed  to  a  beaker  by  means  o(  a  jet  of  cold  distilled  water  and 
washed  several  times  with  distilled  water  by  decantation.  They  are  then  dis- 
solved by  boiling  with  water  made  alkaline  by  the  addition  of  a  few  drops  of 
ammonia,  and  the  resulting  solution  ie  quickly  Gltered  hot.  The  filtrate  is  heated 
till  all  the  aniniouia  is  expelled  ;  it  is  then  cooled,  when  the  tyrosin  separates  out 
as  a  white  precipitate.  This  is  collected  ou  a  61ter  paper,  washed,  and  dried. 
The  following  rraclionJ  may  be  applied  to  the  resulting  powder  : — 

(1)  Tyrosin  is  insoluble  in  cold  water,  slightly  soluble  in  hot  water,  and  very 
eotuble  in  dilute  alkali. 

(2)  A  solution  in  hot  water  gives  a  red  colour  on  the  addition  of  Milloo'a 
reagent.     This  ia  because  tyrosin  contains  an  aromatic  radicle  (p.  39U). 

(3)  /'mn'4  Te^.  — Place  some  of  the  powder  in  a  <lried  test  tube,  odd  about  S  e.0. 
concentrated  sulphuric  acid,  anil  place  the  test  tube  in  a  boiling  water-bath  for 
half  an  hour.  Now  cool  and  dilute  with  water,  transfer  to  an  evaporatiag  basin, 
and  remove  the  sulphuric  acid  by  adding  powdered  barium  carbonate  -,  fitter  off 
the  barium  sulphate,  evaporate  the  filtrate  to  small  bulk,  and  add  a  drop  or  two 
of  very  weak  ferric  chlnHde  solution,  A  violet  colour  results.  This  reaction  U 
due  to  the  formation  of  tyrnsin-sulphoHc  acid. 

2.  Separation  of  Lencin.— The  tyroain-free  filtrate  is  evaporated  till  ft  skin 
of  leucin  forms  on  the  surface.  It  is  then  mixed  while  still  warm  with  several 
times  its  bulk  of  alcohol,  whereby  a  precipitate  (previously  known  as  antipeptone) 
separates  out.  which  after  cooling  can  be  removed  by  filtration.  This  precipitate 
cnnsists  of  a  mixture  of  several  liodiea,  including  lysine,  histidine,  and  arginine. 
The  filtrate  is  evapornl«d  on  the  water-bath  until  all  the  alcohol  has  been  driven 
olf.  It  is  then  boiled  with  lead  carbonate  and  filtered.  The  lead  is  removed  from 
the  filtrate  by  means  of  H3.S,  the  PbS  separated  by  filtration,  and  the  final  filtrate 
accurately  uentralised  with  weak  flaOH.  By  now  concentrating  by  evaporation 
on  the  water-bath  and  cooling  icufin  will  separate  out. 

Rtaelioiui  of  ieucin.— (1)  It  is  much  more  soluble  in  water  than  is  tyrosin  ;  it 
is  soluble  also  in  alcohol. 

(2)  When  heated  in  a  piece  of  dry  gtiisa  tubing,  a  sublimate  forms  on  the  oool 
parts  of  the  tube. 

(3)  Like  other  amino  acids,  it  gives  "S  ammonia  gas  when  heated  in  a  teat  tuba 
with  a  piece  of  solid  caasUi:  potash  aud  a  few  drops  of  water.  If  the  melt  be 
cooled,  dissolved  in  water,  and  then  acidified  with  sulphuric  acid,  it  givea  a  smeU 
of  valerianic  acid  on  heating. 

(4)  Sclierrr'g  Ttsl.  —  Hent  some  leucin  with  a  drop  of  nitric  acid  on  a  piece  of 
platinum  foil,  add  to  the  dry  residue  some  caustic  potash,  when  a  yellow  stain 
resnlts.  Heat  still  further,  and  the  stain  rises  up  into  a  globule  which  runs  off 
the  platinum. 

(6)  Examine  a  solution  of  leucin  with  the  polariscope  (p.  '2S2).     It  is  Upo- 
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oroiatory  (a)D— in  aqueous  Bolatton=  -  lO-fT.  The  leucin  which  ii  obtBioeil  by 
boiling  proteiti  with  baryta,  or  Ihat  obuined  synthetic&lly  (by  the  action  of 
ammonia  on  a-bromocaproic  acid)  is  optically  inaelive,  and  the  dextroro/atori/  form 
may  be  obtained  from  this  by  allowlag  penicilliain  glancnm  (a  fnngas)  to  grow  on 
a  solution  of  it.  The  fungus  deatroys  the  levo- rotatory  part,  but  ieaves  the 
deitro-rotatory,  untouched.  Monldg,  yeasts  and  ferments  act  much  more  ener- 
getically  on  naturally  occurring  than  on  aynthetic  iaomen. 

Tryptophane.' — If  bromine  water  be  cautionsly  added  to  a  tryptic  digest  of 
several  daya'  ■tanding  a  deep  viulet-red  colour  will  result,  and  if  the  mixture  be 
shaken  with  amyl  alcohol,  this  latter  will  take  up  the  colour.  The  glyoxylic 
reaction  (see  p.  303|  will  also  be  very  distinct  in  the  digest  even  after  the  Biuret 
reactiou  has  disappeared  [i.e.  after  the  protein  molecule  haslteen  quite  destroyed). 
Both  these  reactiona  are  due  to  tryptophane,  which  is  olost^ly  related  in  its 
chemical  structure  to  certain  of  the  aromatic  substances  that  are  produced  by 
the  bacterial  digestion  of  protein. 

Sepaxation  of  Tiyptophane.— A  large  amount  (SOOgr.)  of  commercial 
casein  (plasmon  or  protenc)  is  mixed  with  liq.  pancreaticus  (200  cc.  Beuger)  and 
0'8%  Xa^CO],  and  placed  in  an  incubator  for  alMut  a  week.  The  ferment  slionld 
be  added,  half  at  the  beginning  and  the  remainder  three  or  four  days  later.  Anti- 
septics should  be  added. 

Digestion  is  allowed  to  proceed  until  the  bromine  water  reaction  is  maximal. 
The  digest  is  then  boiled,  cooled  aud  filtered,  and  H^U.  ailded  to  the  Rllrate,  ao 
as  to  bring  the  amount  of  H^O,  in  tho  latter  to  5-6  %,  If  any  precipitate  is 
hereby  formed  it  should  be  filtered  off.  The  clear  Citrate  is  then  mixed  with  on 
excess  of  an  acid  solution  of  mercuric  sulphate  (10  %  mercuric  sulphate  dissolved 
in  10  %  H^SO,]  and  filtered.  This  reagent  may  precipitate,  besides  tryptophane, 
some  tyrosin  and  cystin. 

From  tyrosin  the  precipitate  is  (reed  by  washing  it  with  5-6  %  H^Oj,  the 
mercni'y  compound  of  tyrosin  being  very  soluble  in  this.  From  cystin  (whicli  is 
scanty  in  a  digest  oF  casein)  (he  tryptophane  is  separated  by  reprecipitation.  For 
this  purpose  the  wiished  mercury  precipitate  is  suspended  in  water  and  decom- 
posed with  H^  goM.  To  complete  this  reaction  the  suspension  must  be  saturated 
with  the  gas,  then  warmed  and  saturatal  again.  The  HgS  precipitate  is  filtered 
o&,  the  filtrate  warmed  to  rid  it  of  U^,  then  auidilied  to  5-6%  U^Ot,  and  the 
mercnrio  sulphate  reagent  added  to  it  udUI  a  small  permanent  precipitate  is  pro- 
duced. This  is  mainly  cystin,  and  is  filtered  ofT.  The  tryptophane  in  the  tiltrale 
is  then  completely  precipitated  by  mercuric  sulphate,  aud  the  resulting  precipitate 
treated  exactly  like  the  first  one. 

In  this  way  a  solution  of  tryptophane  in  6-6  %  H^Oi  is  obtained.  The  H^SOt 
is  now  precipitated  by  adding  BalOH),  water  in  the  heat  and  filtering.  Great 
care  should  be  taken  that  the  filtrate  contaius  no  excess  either  of  H^SO^  or  of 
Ba(OU)a.  The  watery  solution  of  tryptophane  is  then  mixed  with  half  its  bulk 
of  alcohol  and  evaporated  on  a  water  tiath.  During  evaporation  small  quantities 
of  alcohol  are  added  from  time  to  time  to  prevent  the  browning  which  occur*  if 
watery  solutions  of  tryptophsne  are  heated  aloue.     Evaporation  proceeda  till 

'  A  single  digestion  mixture  may  be  employed  for  the  separation  of  leuoin, 
tyrosin  and  tryptophane,  bat  in  such  a  cose  both  fibrin  and  casein  ought  to  bi: 
added,  since  coseia  is  the  only  common  protein  wliicb  yields  any  large  amount  of 
tryptophane.     It  also  contains  a  considerable  amount  of  tyrosin. 
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arystklliutioD  commeDcea,  when  the  basin  U  removed  uid  allowed  to  atuiil. 
The  crjBtala  (glisteDJiig  plates)  are  collected  on  a  lilter.  and,  to  purify  them,  may 
be  recryitallisBd. 

A  solution  of  the  crystals  gives  the  bromine  and  the  glyoxjlic  reactions  verj' 
distinctly,  and  if  the  crystals  be  heated  in  a  test  tube  indol  and  akatol  (nee  p.  406} 
are  evolved. 

EUinger  has  shown  the  constitution  of  tryptophane  to  be  indolamtno- propionic 
ooid  ;  its  formula  ia  probably  : — 

C   -CH,-CH(NH,)-OOOH 
CjHj^      ^CH  (o.  amino-propionio  ooid) 
NH 
(Indol  gronp.) 
Tryptophane  is  the  mother  subBtance  of  indol,  which,  along  with  ita  methyl 
derivative  skatol,  is  largely  reaponsiblu  for  the  faecal  colour.     These  bodies  are 
produced  from  tryptophane  by  bacterial  growth  (see  p.  40,i). 


D-like  a 


a  milk  if  sufficient 


Preparations  of  trypsin  have  a 
calcium  be  added  (aee  p.  327). 

II.  Amylopsiu,  Pancre&tic  Amylase.— This  ferment  acts  on  starch 
in  exactly  the  same  way  as  ptyalin  does — i.e.  it  converts  it  ioto 
maltose  and  achroodextrin.  Unlike  ptyalin,  it  is  capable  of  acting  on 
unboiled  starch. 

ElxPKlilMENT  V[I.  Add  some  glycerine  extract  of  pancreas  to  some 
powdered  starch.  Shake,  and  place  in  the  water-bath  at  37°.  Eemove 
drops  every  half  minute,  and  mix  on  a  slab  with  a  drop  of  iodine 
solution.  Note  the  appearance  of  the  dextrine  reaction.  When  this 
disappears,  apply  Trommer's  test,  or  one  of  its  modifications,  to  a 
sample  of  the  digest:  note  the  reduction  due  to  maltose, 

III.  Steapain  or  Lipase. — This  decomposes  neutral  fat  into  fat 
acid  and  glycerine  (sec  Fats,  p.  314). 

Experiment  VIII.  Some  minced  pancreas  is  shaken  with  water' 
strained  through  muslin,  and  the  resultant  extract  divided  iDto  two 
parts.  One  of  these  is  boiled  to  destroy  the  ferment,  and  is  then 
cooled.  To  both  portions  (about  10  c.c.  each)  are  added  five  drops  of 
melted  and  filtered  butter  fat,  a  few  drops  of  an  alcoholic  solution  of 
phenol pbtbalein,  and  then  N/10  caustic  soda,  until  a  deep  red  colour  is 
obtained.  After  vigorous  shaking,  so  as  to  obtain  a  partial  emulsion, 
the  test  tubes  are  placed  in  the  incubator,  and  examined  after  about 
half  an  hour.  The  lipaae-containing  fluid  will  be  decolourised  (tha 
fatty  acid  having  bleached  the  phenolphthalein),  and,  to  regain  the 
original  red  colour,  a  certain  number  of  c.c.  N/10  caustic  soda  must  be 
added  to  it.     In  this  way,  an  approximate  estimate  can  be  obtained  of 


■Glyoerin  does  not  dissolve  steapaiD,  > 
ot  BUitable  for  this  experiment. 


that  a  glycerine  extract  of  pancreaa  ia 
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the  fat«plitting  power  of  the  extract.  Pancreatic  lipase  ie  very  readily 
destroyed  in  acid  reaction,  thus  nuildng  it  necessu?  to  employ  an 
absolutely  fresh  gland  from  which  to  prepare  the  exbw^ 

rhe  liberated  fatty  acid  in  held  in  solutioo  by  the  bile,  and  so  is 
absorbed  into  the  epithelial  cells  of  the  villi,  wherein  it  recombines 
with  glycerine  to  form  neutral  fat. 


CHAPTER   XV. 

THE  BILB.    BACTERIAL  DIGESTION. 

This  is  perhaps  the  most  puzzling  secretion  in  the  whole  of  the 
physiological  chemistry.  Its  digestive  action  is  very  slight,  so  that 
it  would  almost  appear,  at  first  sight,  to  be  an  excretion  of  effete 
products  rather  than  a  useful  secretion.  Against  such  an  idea,  however, 
stands  the  fact  that  it  is  poured  into  the  beginning  of  the  intestinal 
tract,  and  not  into  the  end  of  it,  as  we  should  expect  were  it  an  excre- 
tion. Further,  some  of  its  constituents  are  reabsorbed  into  the  portal 
blood  and  carried  back  to  the  liver,  to  be  re-excret«d  in  the  bile.  In 
other  words,  there  existe  a  circulation  of  certain  biliary  constituents, 
from  liver  to  inteatine  by  the  bile,  and  from  intestine  back  to  liver  by 
the  portal  blood.  The  absence  of  this  reabsorption  of  bile  constituent 
into  the  blood  when  there  is  a  biliary  fistula  (produced  by  attaching  the 
central  end  of  the  bile  duct  to  a  wound  in  the  abdominal  wall)  accounts 
for  the  bile  in  such  cases  containing  less  solids  than  the  bile  obtained 
from  the  gall  bladder  after  death.  Another  reason  for  this  difference 
in  composition  is  that  reabsorption  of  water  occurs  in  the  gall  bladder, 
and  that  mucin  or  nucleo-protein  are  secreted  by  its  mucosa.  In  the 
ease  of  a  fistula  of  the  bile  duct  the  bile  does  not  collect  in  the  gall 
bladder. 

Composition  of  Hwnan  BUe. — In  I,  the  bile  was  obtained  from  the  gall 
bladder  of  persons  who  had  been  accidentally  killed,  while  in  good 
health :  in  II.  the  bile  was  obtained  from  a  fistula  during  life. 

100  p&rtB  oontain — 

Water, 86  97 

Solids, 14  3 

Vh.  organic  ialts, 9  O-ft-l  "8 

Mucin  and  bile  pigment,      ■        .         ■         ■  3  0'5 

Choleaterol, 0-2  O-OB-018 

Lecithin  and  fat,         .....  0-3-1 D       O-OS-O-OQ 

Inoi^anio  salts, 0-8  0-7-0-8 


idbyGoOgle 


aw  PBACmCAL  PHYSIOLCWT 

Besides  these,  bile  also  contains  traces  of  soapa,  fata  and  urea. 
Compounds  of  glyeuronic  acid  have  also  been  found  in  hilo.  The 
daily  secretion  amounts  to  about  750  c.c.  To  study  the  chemistry  of 
bile  we  employ  that  of  the  ox,  since  this  is  easily  procurable. 

Experiment  1.  Examine  some  ox  bile.  Note  that  it  has  a  greenish 
colour,  a  peculiar  musk  like  odour,  a  bitter-eweet  taste,  a  faint  alkaline 
reaction  to  litmus  paper,  and  that  it  is  of  a  slimy  consistency. 

Experiment  II.  If  a  few  drops  of  weak  acetic  acid  be  added  to  a 
few  cubic  centimetres  of  bile,  a  stringy  precipitate  is  produced.  This 
consists,  in  certain  animals  (ox)  of  nucleo-protein,  in  others  (man)  of 
mucin.  Filter  off  this  precipitate,  and  note  that  the  filtrate  has  lost 
ite  slimy  character.  Boil  the  filtrate ;  no  coagulum  is  produced,  there- 
fore bile  contains  no  native  protein. 

The  above  proteins  are  not  produced  by  the  hepatic  cells,  but  are 
added  to  the  bile  in  its  passage  along  the  bile  ducta,  being  secreted  by 
the  mucous  lining  of  those. 

So  far  as  can  at  present  be  ascertained,  the  amounts  of  pigment  and 
of  bile  suits  do  not  bear  a  quantitative  relationship  to  one  another,  so 
that  it  is  improbable  that  they  are  both  derived  from  the  same  source. 
Quantitative  estimations  of  these  two  bodies  in  bile,  obtained  from  a 
biliary  fistula,  are,  however,  far  from  numerous,  partly  on  account  of 
the  rarity  of  suitable  cases,  and  partly  because  there  is  no  accurate 
method  for  quantitatively  determining  the  pigment. 

Experiment  III.  Test  another  portion  of  the  bile  for  bile  salu 
by  Petlenko/er's  reaction.  To  do  this  place  a  drop  of  bile  in  a  small 
evaporating  dish,  and  move  this  about  so  that  a  thin  film  of  the  bile  is 
produced.  Now  add  to  the  film  a  very  small  drop  of  a  concentrated 
watery  solution  of  cane  sugar,  and  then  a  few  drops  of  concentrated 
sulphuric  acid.  A  purple  colour  is  produced,  which  can  be  intensified 
by  warming.  This  pigment  shows  absorption  bands  in  the  spectrum. 
The  chemistry  of  this  reaction  is  that  the  sulphuric  acid  acts  on  the 
cane  sugar  to  produce  a  body  called  furfuraldehyde,  which  then  reacts 
with  the  cholalic  acid  of  the  bile  salts  to  produce  the  pigment.  Where 
only  traces  of  bile  salts  are  present,  the  test  may  be  made  more  delicate 
by  using  a  solution  of  furfuraldehyde  (1  in  1000)  instead  of  cane  sugar. 

Experiment  IV.  Matthew  Hat^s  Sulphur  Test.— If  a  small  pinch  of 
powdered  sulphur  be  sprinkled  on  the  surface  of  bile,  or  of  a  solution 
containing  bile  salts,  it  will  sink  to  the  bottom  of  the  vessel ;  whereas 
with  most  other  fluids  it  remains  floating  on  the  surface.  This  reaction 
depends  on  the  fact  that  bite  salts  lower  the  surface  tension  of  fluids 
in  which  they  are  dissolved.  For  comparison  repeat  this  test  with 
wat«r. 


J 


,  Google 


PHYSIOLOGICAL  CHEMISTRY 

The  bile  salts  are  two  in  iiuiuber,  glycocholate  and  laurochotate  of 
sodium.  The  two  acids  (glycocholic  C^H^NOg  and  taiirooholio 
CjflH,jNSOf)  are  very  closely  relat«<l  to  one  another,  for  they  botli 
yield,  on  boiling  with  stronger  acids,  a  common  n on- nitrogenous  body 
called  cholalic  acid,  and  a  nitrogenous  body  of  the  nature  of  an  amino 
acid.  The  amino  acid,  which  is  obtained  from  glycocholic  acid,  is 
gif/cin.  The  amino  acid  in  taurocholic  acid  is  laitrin,  which  is  peculiar 
in  that  it  contains  sulphur  which  can  be  demonstrated  by  fusing  some 
taurin  (prepared  as  described  below)  ou  a  piece  of  platinum  foil  with 
sodium  carbonate,  dissolving  in  water,  acidifying  and  heating  the 
resultant  solution :  sulphuretted  hydrogen  is  given  off,  which  can  Iw 
detected  by  holding  a  piece  of  filter  paper  soaked  in  lead  acetate  solu- 
tion over  the  mouth  of  the  test  tube.  Taurin  is  undoubtedly  derived 
from  cystin  (see  p  393),  which  when  oxidised  yields  cysteinic  acid— 
COOH ,  CHNH, .  CH,  SO,H.  By  the  loss  of  a  molecule  of  CO,  this 
becomes  taurin  :  NHj .  CH, .  CH, .  SOjH.  We  see,  therefore,  that  both 
glycin  and  taurin  are  derived  from  protein  disintegration,  the  latter 
body  being  one  of  the  forms  in  which  the  aulphur  of  protein  is  excreted. 

Cholalic  acid  is  believed  to  be  related  to  cholesterol.  It  has  recently 
been  shown  to  contain  two  primary  alcoholic  and  one  secondary 
alcoholic  groups.     There  are  probably  several  varieties  of  it. 

The  relative  amount  of  these  two  acids  in  the  bile  varies  in  different 
animals.  In  the  bile  of  the  herbivora,  glycocholic  acid  is  much  in 
excess,  whereas  in  that  of  many  camivora  the  only  acid  is  taurocholic 
In  omnivora  (c.jr.  man,  etc.)  a  variable  mixture  of  the  two  is  present. 
The  bile  salts  are  decomposed  into  their  constituents  by  the  action  of 
the  bacteria  in  the  intestine.  If  we  examine  the  faeces,  however,  no 
glycin  and  only  a  trace  of  cholalic  acid  can  be  detected.  The  fate  of 
taurin  has  not  been  accurately  determineil. 

Advasckd  Exikriment.  Separation  of  Bile  Salts.— To  Sepsrate  the  Biie 
Satta  aa  «  Whole.  Tlioronghlj  mil  50  grrii.  pure  animal  cbarttwl  with  200  c.c. 
of  ox-bile  ill  in  ev&porating  ilisli,  und  evaporate  the  mixture  to  drytiFBB  on  a, 
water  bath.  Duriuj;  the  drying  the  mixture  should  be  frequently  stirred.  The 
black  puwder  thus  obtained  can  be  kept  a,  considerable  time.  To  extract  the 
bile  salts  From  it,  mix  it  with  absolute  alcohol  in  a.  Roak  and  place  the  Sask  on 
tlio  boiling  water  bath  for  about  a  quarter  of  an  hour,  cool,  filti^r  into  a  dry 
beaker,  and  add  ether  to  the  filtrate  till  a  permanent  haxe  is  produced.  Now 
cover  the  beaker  with  a.  ground  gloss  plate,  and  allow  it  to  stand  in  a  cool  place 
till  next  day,  when  it  will  be  found  that  a  crystalline  mass  of  bile  salts  has 
separated  out  (Plattner'a  Crystalline  Bile).  T)ie  crystals  can  now  be  collected 
on  a  Glter  paper  and  allowed  to  dry  in  the  atr, 

A  1  %  solution  of  the  crystals  should  now  be  maile,  and  PettenkoFer's  reactioa 
(aee  p.  398)  applied  to  it  by  the  following  method  : 

Dissolve  a  few  grains  of  cane  sagir  in  the  solution,  and  run  concentrated 
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■ulphnria  acid  down  the  aide  of  the  tube  so  as  to  form  >  lajer  andenieath  the 
watery  aolotion.     A  violet  ring  ii  formed  where  the  two  BaidB  meet.     Now  place 


the  t 


a  beaker  of  cold  v 


:,  and  shake  gently  «o  u 


floid>.  A  violet  solation  ii  thus  obtained.  (Bj  cooling  the  teat  tabe  ii 
^reat  a,  tiee  of  temperature  ia  avoided).  Divide  the  violet  nolution  ioto  two  parts, 
A  and  B.  Adil  A  t«  lome  ether  and  examine  by  meana  of  the  speotroacope — • 
diatinut  baud  is  seen  in  tlie  greeo.  Add  B  to  tome  abaolDt«  alcohol  and  note  that, 
althoDgh  the  spectram  is  at  first  tlie  same  as  in  A,  a  bond  gradually  develops  in 
the  blue,  and  that,  along  with  the  developmeiit  of  this,  the  tint  of  the  nolution 
changes  from  violet  to  brown. 

ADViNCBD  Experiment.  To  Prepare  Pure  Qlycocholic  Acid.— In  certain 
districts  of  Germany  and  America  it  boa  been  obaerved  that  the  glycocholic  acid 
can  be  separated  from  the  bile  by  a  very  simple  process,  and,  so  far  as  it  has  as 
yet  been  tried,  the  bile  obtaineil  from  oxen  reared  in  this  country  appears  to  be 
suitable  for  the  procesB.     The  method  is  as  follows^ 

8ome  ox  bile  is  placed  in  a  stoppered  cylindrical  vessel,  and  mixed  with  ether 
and  hydrochloric  acid  in  the  proportion  of  ten  ports  of  the  former  and  foor  parts 
□f  the  latter,  for  every  hundred  parti  of  bile.  A  few  crystals  of  glycocholic  acid 
are  added  to  the  mixture  eo  as  to  start  the  cryatallisation,  the  vessel  is  stoppered, 
vigorously  shaken,  and  then  allowed  to  stand  in  a  cool  place.  After  some  time 
the  mass  will  be  foond  to  be  "  solid  "  with  crystals.  These  are  collected  in  a 
filter  paper,  and  washed  with  cold  distilled  water  till  no  more  pigment  can  be 
removed.  They  are  then  removed  to  a  flask  and  dissolved  in  boiling  water  ;  the 
solution  is  filtered  hot,  and  the  filtrate,  on  cooling,  deposits  numerous  acicillar 
crystals  of  the  acid.  These  may  now  be  collected,  washed  with  distilled  water, 
and  dried  (for  Chemistry  and  Reactions,  see  p.  S9S). 

Preparation  of  Tanrin.— Bite  from  carnivorous  animals— cat  or  dog— is 
heated  on  a  sandbatb  with  one-tbird  its  bulk  of  concentrated  hydrochloric  aciit 
until  a  reainous-Hke  mass  of  the  anhydride  of  cholahc  acid  (called  Dyslysin)  has 
formed.  This  can  be  drawn  out  into  brittle  threads  by  means  of  a  glass  rod. 
The  dyslysin  is  filtered  off,  and  the  filtrate  is  evaporated  to  a  small  bnlk,  the 
sodinm  chloride,  which  crystallises  ont  during  the  evaporation,  being  removed  by 
filtration.  The  thin  syrup  is  then  poured  into  Hfteeo  times  its  bulk  of  alcohol, 
and  left  standing  twenty-four  hours,  wlien  the  taurjn  will  have  crystallised  ont. 
It  can  be  pnrilied  by  collecting  the  crystals  on  a  filter  paper,  and  washing  with 

The  Bile  Pigments. — Theee  are  bilirubin  and  biliverdin.  The 
former  occure  masL  plentifully  in  the  bile  of  carnivorous,  the  latter  in 
that  of  herbivorous  animals.  Their  presence  can  be  detected  l)y 
oxidising  a  mixture  containing  them  ivith  nitrous  acid,  when  a  play  of 
colours— green,  blue,  ptirple,  and  then  yellow— ia  produced.  This  is 
called  Gmelio's  test.' 

Experiment  V.     Dilute  some   ox  bile  with  an   equal  amount  of 

■This  test  depends  on 
rubin.  The  first  oxidatii 
bili-cyanin,  which  is  blue 
last  is  cboletelin,  which  is  yell< 
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water.  Hold  the  test  tube  as  nearly  horizontal  as  possible,  and  allow 
some  fuming  nitiic  acid  to  run  down  it,  so  that  this  forms  a  layer  under 
the  bilo.  Where  the  two  fluids  are  in  contact,  a  play  of  colours  is 
produced.  This  teat  can  be  rendered  still  more  delicate  by  filtering  a 
little  diluted  bile  through  white  filter  paper,  then  removing  and 
opening  out  the  filter  paper  and  placing  a  drop  of  fuming  nitric  acid 
on  it. 

Bilirubin  ia  the  least  oxidised  bile-pigment>  and  its  empirical  formula 
is  CgjHjoN^Og.  If  we  compare  this  with  the  formula  of  haematin — 
CjgH^N^OjFe— we  see  that  it  must  be  from  this  body  that  it  is 
derived,  the  change  being  the  abstraction  of  iron  and  the  addition  of 
two  molecules  of  water.  This  is  also  the  formula  of  iron-free  haematin 
or  haematoporphyrin,  and  of  haematoidin,  a  pigment  which  crystallises 
out  in  old  blood  clots  in  the  tissues.  Although  the  same  empirically, 
these  bodies  vary  somewhat  in  their  physical  behaviour,  and  neither  of 
them  gives  Gmelin's  test,  so  that  we  may  assume  that  they  have 
different  constitutional  formulae. 

When  it  reaehes  the  intestine,  the  bile  pigment  is  converted  by 
bacteria  to  another  pigment  called  stercobilin.  Some  of  this  pigment 
is  absorbed  into  the  portal  blood  along  with  the  bile  salts.  This 
reabsorbed  stercobilin  is  mainly  re-excreted  in  the  bile,  but  a  small 
quantity  is  e.tcreted  in  the  urine,  where  it  goes  by  the  name  of  urobilin 
(see  Urine).  Stercobilin  forms  the  principal  colouring  matter  of  the 
faeces. 

Experiment  VI.  Bilirubin  can  be  extracted  from  pigmented  gall- 
stones. The  gall-stones  are  ground  to  a  rough  powder  and  extracted 
by  healing  with  95  %  alcohol,  to  which  a  few  drops  of  strong  hydro- 
chloric acid  have  Ijeen  added,  (The  acid  is  necessary  to  decompose 
the  compound  of  bile  pigment  with  calcium  present  in  the  stjines.)  The 
coloured  extract  is  then  cooled.  The  crystals  of  cholesterol,  which 
separate,  are  filtered  off,  washed  with  alcohol  and  examined.  (See 
p.  318.)  The  filtered  extract  is  placed  in  a  dish,  and  pure  nitric  acid 
run  in,  drop  by  drop,  when  a  brilliant  Gmelin's  test  is  obtained. 

Lecithin  (C^^Hj^POo)  and  Cholesterol  (C^^H^jOH)  (see  Chapter  VI.). 
— These  two  bodies  are  kept  in  solution  in  the  bile  by  means  of  the 
bile  salts.     For  their  separation,  see  p.  316. 

Experiment  VII.     Place  some  bile  in  a  test  tube,  and  add  one  or 
two  crystals  of  cholesterol  to  it  and  gently  warm.     The  cholesterol 
dissolves.     Before  doing  this  show  that  the  crystals  will  not  dissolve 
water. 

Both  lecithin  and  cholesterol  are  excretory  products.  The  tissues 
which  contain  the  highest  percentage  of  them  are  the  nervous,  so  that 
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the  biie  functionates  as  the  channel  by  which  the  producla  at  nervous 
metabolism  are  removed. 

Inorganic  Salts. — These  are  chiefly  soiiiiim  carbonate  and  disodium 
hydrogen  phosphate. 

The  Uses  of  the  Bile  in  Intestinal  Digestion. — (1)  It  is  an  alkaline 
fluid,  containing  a  viscid  snbstance  (mucin,  etc.);  consequently,  it 
assists  in  the  cm ulaifi cation  of  fats. 

Experiment  VIII.  iShake  up  some  rancid  oil  with  bile  in  a  test 
tube.    Notice  that  a  very  stable  emulsion  is  formed.    (See  Fats,  p.  316.) 

(3)  It  causes  a  precipitate  when  added  to  an  artificial  peptic  digest. 

Experiment  IX.  Add  some  bile  to  a  sample  of  a  24  hours'  peptic 
digestion  of  egg-white.     A  precipitate  of  proteins  is  produced. 

It  is  claimed  that  by  this  precipitation  the  fluid  chyme  becomes  much 
thicker,  and  its  condition,  therefore,  rendered  more  favourable  for  being 
further  digested  in  the  intestine,  since  it  will  adhere  to  the  intestinal 
wall. 

(3)  It  dissolves  the  free  fatty  acid  produced  in  the  intestine. 

On  account  of  this  latter  action,  and,  to  a  certain  extent,  on  account 
of  its  emulsifying  powers,  bile  assists  materially  in  the  absorption  of 
fat.  Whore  bile  is  not  excreted  into  the  intestine  (as  in  Jaundice),  the 
faeces  become  rich  in  fatty  acid,  in  consequence  of  which  they  appear 
greasy  and  pale  in  colour.  The  presence  of  excess  of  fatty  material  in 
the  intestinal  contents  also  hinders  protein  digestion  to  a  certain 
extent,  by  coating  the  particles  of  food  and  preventing  the  juices 
getting  at  them.  In  consequence  of  this,  bacterial  growth  becomes 
excessive  when  there  is  suppression  in  the  secretion  of  bile.  It  is  by 
this  means  that  bile  diminishes  putrefaction  in  the  intestine,  and  not  on 
account  of  any  antiseptic  properties  it  possesses,  for  bile  itself  quickly 
becomes  putrid  on  standing.  Many  other  properties  have  been  ascribed 
to  bile,  e.g.  that  it  assists  the  absoi-ption  of  oil  globules  and  that  it  acta 
as  a  laxative,  but  these  are  not  of  much  importance.  It  may  be  men- 
tioned that  in  some  atnmals  bile  contains  a  diastatic  ferment.  The 
secretion  of  bile  by  the  liver  is  stimulated  by  the  intravenous  injection 
of  secretin.  It  also  activates,  to  a  certain  extent  at  least,  the  lipolytic 
ferment  of  pancreatic  juice. 

To  sum  up,  we  may  state  that,  although  bile  contains  no  ferment  by 
which  a  chemical  change  can  be  produced  on  any  of  the  food-stufi's,  it  is 
nevertheless  of  great  value  as  a  digestive  fluid,  in  that  it  assists  the 
pancreatic  juice:  (1)  by  neutralising  the  chyme;  (2)  by  activating 
pancreatic  lipase;  (3)  by  dissolving  the  fatty  acid  produced  by  the 
action  of  lipase ;  (4)  by  assisting  in  the  emulsification  of  neutral  fat ; 
(5)  by  assisting  the  absorption  of  fat ;  and  consequently  (6)  of  allowing 
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protein  to  he  attacked  by  trypsiD,  thereby  diminishing  bacterial 
growth  and  consequent  putrefaction ;  (7),  and  lastly,  by  precipitating 
the  half-digested  products  of  chyme,  so  that  the  trypsin  may  the  better 
act  on  them. 

Intestiti&l  Juice.  Snccns  EntericiiB. — This  is  secreted  by  Lieberkuhn's 
follicles.  It  may  be  obtained  pure  by  isolating  a  piece  of  intestine  and 
collecting  the  juice  secreted  by  it.  This  may  be  accomplished  by 
cutting  out  a  piece  of  intestine  and  stitching  both  ends  to  abdominal 
fistulae  (Vella's  method),  the  severed  ends  of  the  intestine  being  sutured 
together.  Or  one  end  of  the  isolated  piece  may  be  sutured,  the  other 
being  attached  to  a  fistula  (Thiry's  method).  In  )x)th  these  cases  the 
mesentery  of  the  isolated  portion  ia  left  intact,  and  the  juice  can  be 
removed  from  the  loop  and  it«  action  studied  in  vitro,  or  food  may  be 
placed  in  the  loop,  and  afterwards  removed  and  examined. 

Kxtracte  of  the  mucous  membrane  of  the  intestine,  prepared  by 
scraping  this  off  and  grinding  it  with  sand  and  water  and  then  filtering 
through  muslin,  usually  contain  large  amounts  of  ferments.  This 
extract  will  contain  both  oxoenzymes  and  endocnzymes. 

SuRCUS  entericus  seems  to  contain  three  ferments  or  ferment-like 
bodies.  One  of  these  has  been  known  for  long,  and  is  called  inrertinfi 
feriMiit,  because  it  "inverts"  (see  p.  285)  disaccharides.  There  are 
several  varieties  of  inverting  ferment  depending  on  the  exact  nature  of 
the  disaccharide  on  which  they  act ;  e.g.  one  acting  on  maltose  (maltaae), 
one  on  lactose  (lactase),  and  one  on  cane  sugar  (invertase).  Lactase  is 
present  in  extracts  of  the  intestinal  mucosa  only  when  the  food  contains 
lactose.  It  is  therefore  absent  in  the  intestine  of  herbivorous  adtdt 
animals  (guinea  pig),  but  is  present  for  some  time  after  birth,  i.e. 
when  the  animal  is  living  on  milk.  By  feeding  milk  to  adult  animals 
lactose  does  not  reappear  in  the  intestine.  Extracts  of  intestinal 
mucosa  of  omnivorous  animals  (cat  and  pig)  contain  lactase  through- 
out life.  It  cannot  be  found  in  the  succus  entericus,  and  is  therefore  an 
endoenzyme. 

Invertase  is  also  stronger  in  extracts  of  the  intestinal  mucosa  than  in 
succus  entericus. 

Maltase  is  not  confined  to  the  intestine,  being  present  in  large 
amount  in  blood  senmi,  and  in  most  of  the  organs  and  tissues  of  the 
animal  body. 

The  other  two  ferment*  act  on  proteins.  One  of  them,  erepsin  by 
name,  hydrolyses  casein,  proteoses  and  peptones  into  simple  nitrogenous 
crystalline  products.  It  cannot,  however,  act  on  all  native  proteins. 
It  differs  from  trypsin  in  the  fact  that  it  can  hydrolyse  certain  poly- 
peptides, such  as  glycyl-glycin  ;  d.  I.  leucylglycin,  etc.,  on  which  trypsin 
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has  no  actioD,  and  that  it  can  carry  hydrolysis  to  a  further  stage  than 
trypsin.  Like  trypsin,  it  acts  best  in  alkaline  reaction.  It  is  more 
plentiful  in  extracts  of  intestinal  mucous  membrane  than  in  succufl 
entericus.  It  is  probably,  thereiore,  an  intracellular  ferment — endoeit 
zyme — some  of  it  leaking  out  of  the  cells  into  the  succus  ent«ricuB. 
Since  the  proteins  (i.e.  peptones)  have  to  pass  through  these  cells  during 
absorption,  they  will  come  under  t!ie  influence  of  erepsin.  Erepsin  is 
not  confined  to  the  intestine,  but  is  present  in  large  amount  in  other 
parts  of  the  animal  body.  Next  to  the  intestine,  the  largest  amount 
has  been  found  (by  Vernon)  in  the  kidney,  then,  in  order,  the  spleen, 
pancreas,  liver,  cardiac  muscle,  brain,  skeletal  muBcle,  serum.  These 
endo-erepsins  of  the  tissues  probably  play  an  important  rfile  in  the 
metabolism  of  proteins. 

Advanced  ExpBKiMEtiT.  To  DemonstTate  the  Greptic  Pover  of  Tissaes. 
— Take  20  grra,  mincci]  liver,  and  20  grm,  mocoua  membrane  of  the  intestino 
(toraped  off  with  a  iciilpet).  Griod  each  in  a  mortar  with  fiae  quartE  sand  and 
20  CO.  of  a  0-2  %  ■olution  of  Na.jC<v  Filter  the  extracU  through  niunlin.  Divide 
each  extract  into  two  equal  parta,  A  and  B.  To  A  of  each  extract  add  1  c.c.  of  a 
2-6  %  solution  of  Witte's  peptone,  and  to  B  a  similar  amoant  ot  a  25  %  solution 
of  egg-whit«.  BeiDove  a  few  dropa  of  the  contenu  of  each  of  the  four  teat  tubes, 
and  apply  the  Biuret  teat,  noting  the  reeulte.  Place  the  tubea  in  the  incubator 
at  body  temperatnre,  and  at  tbe  end  of  an  hoar  again  remove  a  little  of  tha 
contents  of  each  tube,  and  apply  the  Biuret  test.  It  will  be  found  that  there 
ia  no  change  in  Che  lube  (B)  containing  egg-white,  but  that  in  the  tube  (A), 
containing  the  intestinal  extract,  tbe  test  has  become  very  feeble  or  disappeared 
entirely.  By  longer  incubation,  the  Biuret  secretion  will  also  disappear  from 
the  tube  (A)  containing  liver. 

By  thug  ascertaining  the  time  required  to  split  up  a  standard  solution  of 
peptone,  so  that  the  Biuret  test  is  no  longer  given,  a  comparative  estimate  ma;  b« 
made  of  the  ereptio  power  of  different  extracts. 

Another  ferment-like  body  in  succus  entericus  is  eiilerokinase.  Alone, 
it  has  no  action  on  any  food-stuff,  but  when  mixed  with  trypalnogen  it 
converts  it  into  trypsin.  On  a  ilesh-free  diet,  the  pancreatic  juice,  as 
secreted  from  the  duct  of  Wirsung,  contains  very  little  trypsin,  and 
digests  coagulated  egg-white  only  slightly  even  after  several  hours.  If 
to  this  inactive  pancreatic  juice  a  few  drops  of  succus  entericus  be 
added,  digestion  of  the  egg-white  proceeds  actively.  Trypsinogeu, 
which  is  the  form  in  which  the  proteolytic  ferment  is  secreted  on  a 
flesh-free  diet,  remains  inactive  until  it  gets  to  the  intestine,  where 
it  is  converted  into  trypsin  by  the  entero-kinase.  Enterokinase  is 
not  secreted  unless  it  is  required,  i.e.  if  the  intestinal  mucosa  be 
mechanically  stimulated,  a  juice  will  be  secreted  which  conttuns  no 
entero-kinase. 

Bacterial  Digestion. — As  has  been  explained  above,  the  conditions 
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necessary  for  bacterial  growth  are  very  favourable  in  the  intestine. 
Ab  a  result  of  their  growth,  bacteria  decompose  the  food-stuffs  and  lead 
to  the  production  of  products  in  many  cases  the  same  as  those  of  the 
digestive  juices,  in  other  cases  of  a  different  nature.  In  the  small 
intestine  the  bacteria  which  are  moat  active  nro  those  acting  on  carbo- 
hydrates, whereas  in  the  large  intestine  these  are  largely  replaced  by 
bacteria  acting  on  protein. 

Their  action  on  proltins  leads  to  the  production  of  proteoses,  peptones, 
and  amino  acids,  etc.  So  far  their  action  corresponds  to  that  of  trypsin, 
but  they  digest  farther  and  produce  a  multitude  of  simple  degradation 
products,  such  as  ammonia,  fat  acids,  carbonic  acid,  etc.,  as  well  as  a 
group  of  substances  belonging  to  the  aromatic  aeries. 

The  aromatic  bodies  are  arranged  in  two  groups.     The  one  contains 

pJmwl  CflUjOH  and  its  methyl  derivative  krasol  C6H,<qjj^.  These 
are  produced  from  tyroein,  which,  it  will  be  remembered,  has  the 
formula  CuH^<V.iT  pH(NH  1  TOOH  ^^  hen  this  changes  into  kreaol 
and  pheriol,  the  amino-propionic  acid  side-chain  loses,  first  its  amino 
group  as  ammonia,  and  then  its  carboxyl  and  methyl  group  are 
oxidised  and  given  off  as  carbonic  acid  and  water. 

The  other  group  is  more  complex,  and  contains  indul  CgH4<[j.u^CH 
and  its  methyl  derivative  skatd 

/CH, 

These  are  derived  from  tryptophane,  a  product  of  the  tryptic  digestion 
of  certain  proteins.  Its  chemical  reactions  and  constitution  are  described 
on  p.  395. 

Anaerobic  bact«ria  first  of  all  act  on  the  tyroBin  and  tryptophane, 
and  split  off  from  them  the  amino  (NH^)  groups  as  NH^.  After  this 
has  been  accomplished,  aerobic  organisms  act  on  the  remaining  side 
chains  yielding  carbon  dioxide  and  water. 

Certain  of  these  aromatic  bodies— especially  skatol — have  a  strong 
faeculent  odour  which  they  impart  to  the  faeces.  Considerable  pro- 
portions of  them  are,  however,  absorbed  into  the  blood  and  reappear 
in  the  urine  as  indoxyl  and  skatoxyl  in  combination  with  sulphuric 
acid  and  alkalies  as  aromatic  sulphates  (see  p.  435). 

These  above  products  also  result  when  proteins  undergo  putrefaction 
in  vitro,  but  in  this  latter  ease  other  bodies  called  ptomaines  are  also 
produced.  These  are  powerful  poisons  and  it  is  on  account  of  their 
presence  that  it  is  dangerous  to  cat  putrid  flesh. 
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Experiment  X.  Preparation  and  reactions  of  Indol,  Skatol  and 
Phenol.  Prepare  an  artificial  digestion  mixture  with  pancreatic 
extract,  or  minced  pancreas,  and  allow  it  to  incubate  without  the 
addition  of  an  antiseptic,  until  it  has  an  intense  and  disagreeable 
odour.  The  digest  is  then  acidified  with  acetic  acid  and  placed  in 
a  large  flask  connected  with  a  Liebig  condenser.  Distillation  is 
continued  as  long  as  the  distillate  has  a  marked  odour.  (Indol 
distils  over  much  more  quickly  than  skatol).  The  following  t«st« 
are  then  applied  to  portions  of  the  distillate: — 

Indol. — 1.  Legal's  Test.— To  a  few  cc.  of  the  solution  in  a  test 
tube  add  a  few  drops  of  sodium  nitro-prusside  solutioti  and  then 
ammonia  till  alkaline.  A  deep  reddish  violet  colour  results,  which 
changes  to  blue  on  acidifying  with  acetic  acid.  2.  Add  to  a  few 
C.c.  of  the  liquid  about  2  c.c.  of  each  of  the  following  solutions : 
(i)  Para-dim  ethyl-ami  no-benzaldehyde  i  parts,  95  per  cent,  alcohol 
380  parts,  hydrochloric  acid  (cone.)  80  parts,  (ii)  Potassium  persulphate 
2  grams  in  100  c.c.  water ;  a  reddish  pink  colour  results. 

Bkatol.— Warm  some  of  the  solution  with  an  equal  volume  of 
strong  sulphuric  acid.     A  red  colour  results. 

Phenol. — Boil  some  of  the  solution  with  Millon's  reagent  A  red 
colour,  but  no  precipitate  results. 

The  action  of  bacteria  on  carbohydraies  is  even  more  energetic  than 
it  is  on  proteins.  They  can  do  all  that  ptyalin  and  amylopsin  can  do, 
but  besides  this  they  can  decompose  the  monosaccharides  into  simpler 
bodies  such  as  ethyl  alcohol,  lactic  and  but3n-ie  acids.  They  have 
also  the  power  of  digesting  cellulose  whereby  methane  (CHj  is  pro- 
duced as  one  of  the  products. 

On  faU  they  act  like  steapsin,  but  here  also  they  can  carry  the 
process  a  stage  farther  in  that  they  transform  the  fat  acid,  which 
is  first  of  all  liberated,  into  members  lower  in  the  fat  acid  series. 
They  decompose  lecithin,  and  prevent  the  poisonous  action  of  the 
liberated  cholin  by  further  breaking  it  up  into  carbon  dioxide, 
methane  and  ammonia. 

The  meconium  of  the  foetus '  is  sterile,  but  very  shortly  after  birth 
micro-organisms  gain  admission  to  the  intestine  with  the  food.  The 
exact  varieties  of  organisms  present  in  the  intestine  depends  mainly 
on  the  nature  of  the  food  and  on  the  presence  of  oxygon.  The 
anaerobic  bacillus  putrificus  is  the  most  important  proteoclastic 
organism,  its  action  being  supplemented  by  the  aerobic  B.  coli  and 
R    lactis   aerogenes,    i.e.    the    latter  organisms   act   on    the   products 

>  Ueconinm  ja  a  ■abaUnoe  which  collects  in  the  inteatiDes  during  iiitra-nterin« 
Ufa. 
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prodiiced  by  the  former.  The  intestinal  bacteria  are  no  doubt  very 
important  as  digestive  agents.  Thus,  without  their  aid,  celltilose 
cannot  he  digested,  so  that,  for  herbivora,  bacteria  arc  indispensable, 
at  least  after  they  have  ceased  to  live  on  the  mother's  milk. 
Carnivorous  animals  could  probably  live  without  them.  It  has,  for 
example,  been  shown  that  if  guinea  pig  foetuses  be  excised  from 
the  uterus  just  before  full  term  under  antiseptic  precautions,  and 
kept  in  a  chamber  aspirated  with  sterile  air,  and  fed  on  sterile  milk, 
they  thrive,  and  if  after  some  time  the  intestinal  contents  be  examined, 
the  latter  will  be  found  free  of  bacteria.  A  repetition  of  this  experi- 
ment on  chickens  (fed  on  grain)  has  given  quite  a  different  result, 
for  although  they  took  abundance  of  sterile  food,  yet  they  died  as 
soon  as  if  no  food  had  been  taken. 

The  bacteria  live  in  symbiosis  with  the  host  in  whose  intestine 
they  grow — that  is  to  say,  both  they  and  their  host  are  benefited  by 
their  presence  in  the  intestine. 

The  Faeces. — These  are  composed  of  the  following  substances : — 

1.  Substances  which  have  escaped  digestion,  e.g.  pieces  of  vegetables 
{cellulose,  etc.),  muscle  fibres,  elastic  tissue,  casein,  fat,  nuclein,  haematin, 
etc. 

2.  Remains  of  juices  secreted  into  the  int«Htine8,  e.g.  mucin,  traces 
of  bile  salts  and  pigments,  inorganic  salts  (alkaline  earths},  epithelial 
cells,  and  cholesterol. 

3.  Products  of  digestion,  e.g.  aromatic  bodies  (indol  and  skatol), 
fat  acids,  methane,  ammonia,  etc. 

4.  Microorganisms.  The  faeces  contain  a  certain  amount  of 
nitrogen,  which  probably  comes  from  the  various  secretions  rather 
than  from  undigested  foods  (about  1  grui.  N.  per  diem  on  ordinary 
diet).  The  amount  of  faeces  varies  very  much  with  the  nature  of 
the  diet,  being  about  170  gms.  in  24  hours  on  a  mixed  diet  and 
400-500  gms.  on  a  vegetable  diet. 


CHAPTER  XVI. 

THE  CHEMISTRY   OF   URINE. 

No  portion  of  Biochemistry  is  of  so  much  practical  importance  to  the 
medical  practitioner  as  the  chemistry  of  the  urine.  It  is  in  the  urine 
that  the  waste  products  of  protein  metabolism  are  chiefly  excreted. 
Urea,  uric  acid,  and  creatinin  are  almost  entirely  derived  from  protein, 
and  an  estimation  of  these  products  in    the  urine  yields  valuable 
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infonnation  regarding  the  breakdown  of  protein  in  the  body.  The 
main  function  of  the  kidneys  is  to  serve  as  a  regtilator  of  the  composi- 
tion of  the  blood,  removing  from  it  any  excess  of  its  normal  constituents, 
water,  dextrose,  sodium  chloride,  etc.,  and  also  injurious  waste  pro- 
ducts, auch  as  urea,  uric  acid,  etc.  The  capacity  of  the  kidneys  for 
their  work  can  be  detennined  most  readily  by  the  examination  of  the 
urine.  When  the  kidneys,  or  other  parts  of  the  urinary  tract,  are 
diseased,  abnormal  substances,  such  as  proteins,  blood,  pus  cella,  etc, 
are  mixed  with  the  urine  and  can  be  detected  in  it  in  a  more  or  less 
changed  state,  according  to  the  site  of  the  lesion. 

In  studying  the  chemistry  of  the  urine,  therefore,  we  must  ascertain, 
firstly,  the  nature  of  its  various  constituents  and  of  their  precursors  in 
the  blood  and  tissues ;  secondly,  the  total  amount  of  those  excretory 
products  which  contain  the  nitrogen  of  the  decomposed  proteins ;  and 
thirdly,  we  must  look  for  unusual  products,  indicating  improper 
composition  of  the  blood  or  organic  disease  of  the  urinary  tract. 

We  must  remember  that  the  quantity  and  the  composition  of  the 
urine  vary  considerably  within  the  limits  of  health,  and  in  order  to 
form  reliable  conclusions  we  must  collect  the  total  urine  for  a  period  of 
twenty-four  hours.  Even  with  a  fair  sample  thus  obtained,  we  must 
consider  the  intake  and  toss  of  water ;  copious  drinking  will  increase 
the  quantity  and  lower  the  specific  gravity  of  the  urine  ;  on  the  other 
hand,  profuse  sweating  or  diarrhoea  will  have  the  opposite  effect.  The 
nature  of  the  diet  in  relation  to  the  reaction  of  the  urine  and  the 
quantity  of  urea  must  also  be  considered. 

General  Characters  of  Urine. 
Quantity. — A  healthy  man  of  a^'erage  weight  (65-70  kg.)  and  height, 
and  living  on  an  ordinary  mixed  diet,  excretes  about  1500  c.c.  per 
24  hours.  If  we  wish  to  ascertain  whether  any  one  of  its  constituents 
is  being  excreted  in  normal  amount,  a  knowledge  of  the  total  daily 
excretion  of  urine  is  indispensable,  a  mere  determination  of  the 
percentage  in  an  isolated  sample  being  of  ven/  slight  value.  For 
accurate  work  {e.g.  in  making  observations  in  metabolism)  the  method 
employed  is  to  collect  the  total  urine  for  the  24  hours  in  a  suitable 
vessel,  and  then  to  remove  from  this  a  measured  sample  for  aualysis,' 

'  Id  doing  this,  the  bladder  Ib  emptied  at  some  eboaen  hour  (beat  in  tfae  morn- 
ing), and  thU  urine  thrawo  »way  ;  all  urine  jiaued  Bubseqaently  to  tbU  ic 
oollecMd  in  u  sterile  Sask  or  bottle  cout&ining  a  few  c.c.  of  chloroform,  and  Kb 
the  tame  hour  oeit  day  the  bladder  is  again  emptied  and  the  urine  added  to  the 
twenty-four  hour  specimeu.  When  the  observation  is  b«ing  oonducted  on  the 
lower  anin^ali.  it  is  uinally  necetsary  to  employ  the  catheter. 
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The  amount  of  urine  is  increased  by  tbe  imbibition  of  Ui^  quantities 
of  liquid  and  by  certain  drugs  called  diuretics;  it  is  diminished  by 
excessive  sweating  or  diarrhoea,  and  by  failure  of  the  heart's  action. 

Specific  GraTity. — This  is  determined  by  a  special  form  of  hydro- 
meter— a  urinometer — graduated  so  that  the  zero  mark — 1000 — cor- 
responda  to  distilled  water  (Fig.  237). 

£XPKRIHBNT  I.     Fill  a  urine  testing  glass  with  urine  cooled  to 
room  temperature,  place  the  urinometer  in  it,  and 
read  off  the  graduation  which  is  on  a  level  with  the 
surface  of  the  urine.  .  Be  careful  that  the  urinometer 
does  not  stick  to  the  sides  of  the  vessel. 

The  average  density  varies  between  1015  and  1025, 
but  a  highly  concentrated  urine,  e.g.  after  severe 
sweating,  may  reach  1035,  or  a  very  dilute  one, 
a.g.  after  huge  potations,  1002,  and  still  be  healthy. 
A  specific  gravity  over  1030,  however,  usually  indi- 
cates the  presence  of  sugar  or  the  existence  of  high 
fever,  and  one  much  below  1010  should  raise  sus- 
picions of  renal  trouble. 

Reaction. — Healthy  urine  usually  reacts  acid  to 
litmus.  This  acidity  is  due  to  sodium  dihydrogen 
phosphate,  NaH^PO^,  not  to  free  acid. 

ExpuUHBNT  II.  Test  the  reaction  of  urine  with 
blue  litmus  paper  and  congo  red  paper.  The  litmus 
is  turned  red,  but  the  congo  red  is  not  altered,  as  it 
U  not  affected  by  the  acid  salts  of  any  but  the 
strongest  acids  (see  Digestion,  p.  376). 

The  alkaline  phosphate,  NajHPO^,  may  be  present 
in  urine.  It  is  detected  by  the  addition  of  calcium 
chloride  to  the  urine,  when  a  precipitate  of  calcium 
phosphate  forms  if  the  alkaline  phosphate  is  present, 
but  not  if  the  acid  phosphate  alone  is  present  The 
amount  of  alkaline  phosphate  may  be  sufficient  to 
cause  the  urine  to  have  an  amphoteric  reaction,  turn- 
ing red  litmus  blue  and  blue  litmus  red,  or  even  to 
have  a  definite  alkaline  reaction.  This  is  often  the  pn.  nr.-nwoHdik 
case  during  the  stage  of  digestion,  when  hydrochloric  nMtw. 

acid  is  being  poured  into  the  stomach,  as  the  removal  of  hydrochloric 
acid  from  the  blood  leaves  an  excess  of  bases. 

Besides  the  alkaline  phosphate,  alkaline  bicarbonates  may  be  present 
in  urine,  causing  an  effervescence  on  the  addition  of  acid.  This  is  the 
case  when  salt«  of  oxidisable  acids  (s.^.  citric,  tartaric,  et«.)  are  being 
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taken  by  the  mouth,  and  when  the  diet  is  an  exclusively  vegetable  one. 
Lastly,  an  alkaline  reaction  may  be  due  to  ammonia,  which  is  produced 
by  microbal  hydrolysis  of  urea  (see  Urea,  p,  417).  For  this  reason 
stale  urine  always  reacts  alkaline.  If  the  alkaline  reaction  of  freshly 
passed  urine  is  due  to  ammonia,  decomposition  must  be  taking  place  in 
the  bladder. 

Colour, — The  straw  colour  of  healthy  urine  is  due  to  Urochrome,  the 
origin  of  which  is  uncertain.  Another  pigment,  I'robilhi,  ia  normally 
present  in  traces  in  the  urine.  In  fever,  and  when  there  is  liver  disease 
or  rapid  destruction  of  haemoglobin,  the  amount  of  urobilin  is  often 
much  increased,  imparting  a  reddish  tint  to  the  urine.  Urobilin  is 
identical  with  stercobilin,  the  pigment  of  faeces,  which  ia  formed  from 
bilirubin  in  the  intestine  by  bacterial  action,  so  that  its  presence  in 
urine  is  presumably  due  to  absorption  from  the  intestine.  Urobilin 
can  also  exist  in  the  urine  as  a  colourless  precursor,  or  chromogen,  which 
yields  the  pigment,  when  the  urine  is  acidified  with  sulphuric  acid  and 
allowed  to  stand. 

Experiment  III.  Examine  an  acid  solution  of  urobilin  or  sterco- 
bilin with  the  spectroscope.  A  diffuse  absorption  band  is  seen  between 
the  green  and  the  violet  of  the  spectrum. 

A  third  pigment  ia  uroerylhrin,  the  colouring  matter  of  pink  urate 
deposits.  It  appears  to  be  related  to  skatoxyl  sulphuric  acid. 
BaemaU^orphyrin  (see  Haemoglobin,  p.  350)  may  also  occur. 

Inilican,  or  in  doxy  I  sulphuric  acid  (see  Ethereal  Sulphates,  p.  437),  ia 
the  cause  of  the  blue  tint  sometimes  ac<iuired  by  urine  on  standing,  as 
it  is  oxidised  to  indigo  blue.  Normally  a  small  quantity  is  present. 
This  is  iucreasefl  when  there  is  excessive  putrefaction  in  the  small 
intestine,  or  in  an  abscess. 

ExPKWMKNT  IV.  Teat  urine  for  indican.  Mix  about  fj  cc.  <rf 
urine  in  a  test  tube  with  an  equal  volume  of  strong  hydrochloric  acid 
containing  0-4  per  cent,  ferric  chloride.  Add  about  3  cc.  of  chloroform 
and  shake  the  tube.  The  chloroform  on  settling  will  be  tinged  with 
blue  (indigo)  if  the  urine  contains  indican. 

The  Nitrogenous  Constitaents. — Over  90  per  cent,  of  the  nitrogen 
in  combination  excreted  by  the  body  is  present  in  the  urine,  the 
remainder  occurring  in  the  faeces  (about  1  gramme  per  diem),  and  as 
the  sweat.  A  determination  of  the  total  nitrogen  of  the  urine  is, 
therefore,  of  great  importance.  The  method  employed  is  that  of 
Kjddahl. 

Experiment  V.  Measure  5  cc.  of  urine  with  a  pipette  into  a  Jena 
flask.  (This  flask  should  be  of  at  least  400  cc.  capacity.  It  eaves 
time  and  chance  of  error  to  use  the  flaak  of  750-1000  cc.  capacity, 
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from  which^ultimately  diBtillatioii  of  the  ammonia  is  to  t>e  carried  out.) 
Add  approximately  0-5  grm.  copper  sulphate  and  '2-0  grm.  potassium 
sulphate,  and  then  10  c.c.  of  pure  concentrated  sulphuric  acid.  Put 
the  flask  on  a  rack  (Fig.  238),  so  conatructed  thai  the  neck  of  the  flask 
liea  in  a  slanting  position  with  the  belly  of  the  flask,  titling  into  the 
depression  made  to  receive  it  in  the  asbestos  plate  or  sand-bath.  Start 
the  heating  with  a.  low  flame.  After  10-15  minutes,  if  there  is  no 
excessive  foaming,  turn  up  the  flame  and  heat  the  mixture  strongly 


Pla,  S33.-~Appustiui  lor  determlnUi<.>n  <i(  total  oltrc 

until  it  is  a  clear  greenish  blue.  Now  ehake  the  flask  with  a  rotary 
motion  BO  as  to  wash  down  from  the  wall  any  carbonaceous  particles 
which  may  be  sticking  to  it.  Continue  heating  until  the  liquid  is 
perfectly  clear  again.  The  stage  of  incineration  is  now  complete.  {1st 
stage.) 

The  chemical  reaction  which  takes  place  is  that  the  sulphuric  acid 
decomposes  the  organic  matter,  the  carbon  being  oxidised  to  carbon 
dioxide,  and  the  nitrogen  changed  into  ammonia,  which  immediately 
on  its  formation  combines  with  the  excess  of  sulphuric  acid  present  to 
form  ammonium  hydrogen  sulphate.  The  first  effect  of  adding  the 
acid  is  to  produce  charring  {i.f.  the  mixture  becomes  black),  and 
reaction  is  complete  whenever  all  this  liberated  carbon  has 
oxidised. 
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The  sulphates  of  copper  and  potn«sium  accelerate  the  process  very 
greatly,  the  former  by  acting  as  »  carrier  of  oxygen,  the  latter  by 
raising  the  boiling  point  of  the  mixture. 

Dislillaliojt  {3nd  stage). — When  the  acid  mixture  has  cooled,  add 
100  CO.  of  distilled  water  (free  from  ammonia  if  obtainable),  and  mix. 
If  the  incineration  was  performed  in  a  small  flask,  it  will  be  necessary 
to  transfer  its  contents  to  a  large  Jena  flask  for  the  diatillation,^  and 
rinse  with  portions  of  about  100  c.c.  water,  uutil  the  distilling  flask  is 
nearly  half  full.  If  the  mixture  is  already  in  the  distilling  flask  the 
requisite  amount  of  wat«r  is  added.  Add  a  little  powdered  pumice  or 
mica  to  prevent  bumping.  Then,  holding  the  flask  in  a  slanting 
position,  pour  strong  caustic  soda  (40  to  50  per  cent.)  solution,  enough 
to  render  the  liquid  alkaline,  down  the  neck  and  wall  of  the  flask  so  as 
to  form  a  bottom  layer  of  alkali.  By  this  means  any  ammonia  set  free 
by  the  alkali  will  he  caught  by  the  overlying  acid  mixture.  The 
amount  of  alkali  required  to  render  the  mixture  alkaline  must  be 
previously  determioed  ;  40  c.c.  is  usually  an  excess. 

Attach  the  flask  to  the  distilling  apparatus  (see  Fig.  239).     Place  50 

c.c.  TTT  sulphuric  acid,  about  an  equal  volume  of  distilled  water  and  a. 

few  drops  of  methyl  orange  solution,  or  other  suitable  indicator,  in 
the  receiving  flask.  Adjust  the  delivery  tube  of  the  apparatus  so  that 
it  just  dips  below  the  surface  of  the  li<|uid  in  the  receiver.  Mix  the 
contents  of  the  distilling  flask.  (If  enough  alkali  has  been  added  a 
blue  colour  will  develop  owing  to  the  liberation  of  cuprous  hydroxide.) 
Light  the  burner,  and  continue  the  distillation  for  at  least  15  minutes, 
taking  care  to  prevent  the  sucking  back  of  the  contents  of  the  receiver 
into  the  distilling  flask. ^ 

Lower  the  receiver  so  that  the  delivery  tube  is  above  the  liquid,  and 
continue  the  distillation  for  a  few  minutes  so  as  to  wash  out  the  inside 
ol  the  tube.  Finally  wash  the  outside  of  the  tube  with  a  jet  of  water 
from  the  wash  bottle,  so  as  to  remove  adhering  acid,  and  remove  the 
receiver  tor  the  titration.  Should  the  contents  of  the  receiver  become 
neutralised  during  the  distillation,  as  shown  by  the  indicator  changing 

colour,  a  fui-ther  measured  quantity  of  ^^  acid  must  be  added.^ 

'760-1000  CO.  oapacity. 

*  A  vertical  condenser,  replacing  the  deauendlng  portion  of  the  delivorj'  tube, 
reduc«a  the  risk  of  suokiug  liaok  and  prevents  the  beating  oE  tLe  liquid  in 
the  receiver,  and  is,  IhereFore,  desirable  in  acourate  work. 

'It  is  often  necessary  to  oontinue  the  distitlation  fdr  coaaiderably  more  than 
15  minuteH.  Wheo  it  is  doubtfal  whether  all  of  the  amtnonia  has  distilled  over 
in  this  time,  diBtilUtioD  siiould  be  ooutinued  into  a  socood  dask  containing  a, 
few  c.c.  dettinonnal  acid  and  distilled  water. 
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The  chemical  reaction  involved  in  this  stage  of  the  method  18  the 
liberation  of  ammonia  from  the  ammonium  hydrogen  sulphate  (pro- 
duced  in  the  incineration  stage)  by  the  excess  of  alkali  added  to  the 
contents  of  the  dietilliDg  flaak.  This  ammonia  is  completely  carried 
over  into  the  sulphuric  acid  of  the  receiver  during  the  distillation,  and 
thus  quantitatively  neutralises  some  of  the  acid. 

TUralion  (Srd  stage).— Cool  the  receiver  under  the  tap.  Run  in  r^ 
caustic  soda  carefully  from  a  burette,  until  ite  contents  are  neutral, 


Fio.  IN.— Appantiu  ior 


as  shown  by  the  change  in  colour  of  the  indicator  employed.    Subtract 
the  volume  in  c.c.  of  v^  soda  required  for  neutralisation  from   the 

volume  of  -^  acid  originally  added  to  the  receiver.     The  remainder 

represents  the  volume  in  c.c.  of  j^  acid  neutralised  by  ammonia  during 

the  distillation.     Let  this  remainder  be  n  c.c.     Then,  as  the  ammonia 

distilled  quantitatively  represeats  the  total  nitrogen  present  in  the 

6  c.c.  of  urine  taken,  this  5  c.c.  of  urine  contains  n  x  00014  grm. 

J    .v      r        ,nA            .  .u        ■            .-     nx  0-0014x100 
nitrogen,  and,  therefore  100  c.c  of  the  unne  contain  = 

gnn.  nitrogen. 

To  take  an  example,  suppose  that  50  cc  yr;  acid  were  placed  in  the 

receiver,  and  that  after  the  distillation  194  cc.  ^^  alkali  were  required 
for  neutraUsation.     Then  5  c.c.  urine  contain 

(50 -  19-4) X 0-001 4  grm.  =  00428  grm.  nitrogen. 
Therefore  100  cc  urine  contain  0-856  grm.  nitrogen. 
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ExPBRiUENT  VI.  Determine  by  the  above  method  the  amount  of 
nitn^n  contained  in  an  acid  solution  of  ammonium  sulphate.^ 

Measure  out  5  cc.  of  the  solution  with  a  pip6tt«,  place  it  in  the 
distilling   flask  A,  dilute  to  200  c.c.  with   water.     Now   measure 

accurately   20  cc   j^  acid  and  place  in   receiving  flask  B,  adjust 

distilling  tube  C,  add  excess  of  caustic  soda,  and  distil  as  above. 

The  total  amount  of  nitrogen  excreted  by  the  urine  per  diem  in  the 
case  of  a  man  living  on  an  ordinary  diet  varies  between  15  grammes 
and  20  grammes,  and,  if  the  total  amount  of  nitrogen  taken  in  the  food 
be  ascertained,  it  will  be  found  to  nearly  correspond  to  this.  By 
special  precautions  it  can  be  made  to  accurately  correspond  when 
the  person  is  said  to  be  in  nilrogenma  eqnUAiivm.'  The  nitrogenous 
ooDstituenta  of  the  urine,  which  collectively  make  up  this  total  amount 
of  nitrogen,  vary  in  their  relative  amounts  according  to  the  amount  of 
nitrogen  which  the  diet  contains.  This  fact  has  been  clearly  shown  by 
Folin,  who,  for  the  purpose  of  demonstrating  it,  first  of  all  elaborated 
rapid  and  accurate  methods  for  estimating  these  nitrogenous  bodies. 
By  the  use  of  the  older  methods,  the  chemical  estimations  were  too 
laborious  and  too  complicated  to  permit  of  a  sufiBcient  number  of 
analyses  being  made  in  daily  urine.  These  methods  will  he  described 
in  their  proper  places,  but  in  the  meanwhile  it  may  be  well  to  briefly 
consider  the  main  results  which  have  been  obtained. 

The  chief  nitrogenous  bodies  which  occur  in  the  urine  are  urea 
(CO(NH,)i),  uric  acid  (CjH,N,0,),  ammonia  (NH,)  and  creatiniu 
(C^HjNjO).  There  are  several  other  nitrogenous  substances  which  are 
present  only  in  small  amounts  and  are  estimated  together  as  un- 
determined nitrogen.  In  the  following  table,  the  first  oolumn  givea 
the  relative  amounts  of  these  bodies  in  the  urine  when  a  diet  rich 
in  nitrogen  was  taken,  and  the  second  column  the  corresponding 
data  when  the  diet  contained  very  little  nitrogen.  The  diet  rich  in 
nitrogen  was  made  up  of  whole  milk  (500  cc),  cream  (300  cc), 
eggs  (450  grm.),  Horlick's  malted  milk  (200  grm.),  sugar  (20  grm.), 
■alt  (6  grm.),  and  water  sufficient  to  make  up  to  2000  cc  Besides 
this,  900  cc.  water  were  allowed.  The  diet  contained  about  19  gnu. 
of  nitrogen.  The  diet  poor  in  nitrogen  consisted  of  400  grm.  arrowroot 
starch  made  into  a  paste  with  1500  c.c.  water,  then  partly  digested  for 

1 A  suitable  eoluljon  for  the  porpOM  U  Dtade  by  dinolviDg  1  '32  grftmniaa  of 
amiDoninm  sulphate  cryBtala  in  100  ■).□■  of  I  per  oent.  sulphurio  aoid ;  9  0.0. 
of  this  aolntion  oontaini  O-OU  grenime  N. 

*  AlloWBQoe  muit  alao  be  made  for  the  nitrogen  in  the  faeoes. 
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halfan-hour  witb  diastaae  (2  grm.)  and  taken  with  300  c.c.  cream. 
It  contained  ooly  about  1  grm.  of  nitrogen  and  could  be  taken  without 
great  discomfort  to  the  person  for  several  days.  It  might  have  been 
better  had  it  contained  twice  as  much  cream,  for  then  the  breakdown  of 
tissue  protein  which  occurred  would  have  been  diminished. 


Volume  of  miae 
Total  nitrogen  - 
UroB-nitrogGQ   - 
Amntoni*  nitrogen 
Urio  acid  nitrogen 
Creatinin  aittogen 
Undetermined  nitrogen  0'S5 


0-49  grm. 
O-lSgrm. 


Nltrogtii— rioh  diel 
1170  O.C. 

18-8  grm. 
=  87B%oflot«lN.  2-20grm.^ 


3-60  grm. 
:«17%oftotalN. 


3-0%         .,         0*2grm.=ll-3% 
11%  „  01)9grm.=  2-5% 

3-0%  „  0B0gnn.  =  17-2% 

4-9%         „  0-27grm.=  7-3% 

When  the  intake  of  nitrogen  by  the  diet  is  much  reduced,  the 
percentage  of  the  total  nitrogen  excreted  as  urea  markedly  falls,  whilst 
that  of  the  other  nitrogenous  bodies  rises.  It  will  further  be  noted, 
however,  that  the  aistdvte  amounts  of  all  these  bodies  falls,  except  in 
the  case  of  creatinin,  which  remains  unchanged. 

The  total  sulphate  excretion  is  made  up  of  inorganic  sulphates, 
ethereal  sulphates,  and  neutral  sulphur,  and  the  relative  amounts  of 
these  excreted  on  a  rich  and  a  poor  diet  show  striking  resembUncea  to 
the  nitrogenous  bodies,  as  will  be  discussed  later. 


CHAPTER    XVII. 
UREA. 


«kS5. 


Urea  is  the  diamide  of  carbonic  acid. 
Ckrbonio  koid. 

In  common  with  other  acid  amides,  urea  has  weak  basic  properties, 
forming  unstable  salts  with  nitric  and  oxalic  acids. 

ExPEBiHKNT  I.  To  some  urine,  which  has  been  evaporated  to 
small  bulk  on  a  water-bath,  add  some  pure,  oolourlass  (not  fuming) 
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nitric  acid,  and  cool  the  mixture  by  holding  the  teat  tube  under  the 
tap.  Cryetala  of  urea  nitrate  separate  out.  Ezaniine  these  with 
the  microscope,  and  note  that  they  are  either  rhombic  tables  or  six- 
sided  plates,  which  overlap  each  other  like  the  tiles  of  a  roof  (see 
Fig.  240). 

ExPEBiUBNT  II.  Repeat  experiment  with  a  saturated  alcoholic 
solution  of  oxalic  acid,  and  note  that  the  crystals  are  not  unlike  those 
of  the  nitrate,  being  elongated  plates  with  bevelled  pointed  ends 
(Fig.  241). 


tto.  MI— Ufm  nltnt*. 


Fio.  Ml.-UrMoi 


Urea  is  decomposed  by  nitrous  acid- 
nitrogen  being  evolved : 


-HNOj— carbonic  acid  gaa  and 


N-OH 

N-OH 


=  C!0.+  2N,  +  3H,0. 


ExFERiBiEKT  III.  Add  Bome  fuming  nitric  acid  {i.e.  containing 
nitrous  acid)  to  urine,  and  note  the  effervescence  which  results.  That 
one  of  the  gases  evolved  is  carbon  dioxide  can  be  proved  by  holding 
the  mouth  of  the  test  tube  over  another  one  containing  lime  water  or 
baryta  water,  when,  on  shaking,  the  latter  will  turn  milky. 

A  very  similar  reaction  is  obtained  by  adding  a  hypobromite  or 
hypochlorite  to  urine. 

CO<55^»  +  3NaBrO  =  CO,  +  Nj  +  2H,0  +  SNaBr. 

The  carbon  dioxide  formed  combines  with  excess  of  caustic  soda 
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preient  in  the  hTpobromite.    Thu  reaction  ia  employed  in  the  quanti- 
tative eatunation  of  urea  (see  below,  p.  419). 

There  are  several  reactions  which  are  peculiarly  interesting,  since 
they  demonstrate  the  chemical  relationships  of  urea  to  its  probable 
precursors  in  the  tissues  (see  below).  Thus,  if  urea  be  hydrolysed  {i.e. 
be  caused  to  take  up  water)  it  forms  ammonium  carbonate : 


CO^NH, .  HOH  _  COHOSH. 


This  process  occurs  in  urine  which  has  stood  for  some  time,  the 
hydrolysis  being  effected  by  several  kinds  of  microbes.  It  may  also  be 
produced  by  boiling  urea  with  strong  acids  or  alkalies ;  in  both  cases 
the  ammonium  carbonate  is  further  decomposed,  liberating,  in  the  case 
of  alkalies,  ammonia  gas  (the  carbon  dioxide  being  absorbed  by  the 
alkali  present),  and  in  the  case  of  acids,  carbon  dioxide  gas  (the 
ammonia  being  absorbed  by  the  acid  present). 

Experiment  IV.  Prepare  a  solution  of  pure  urea,  and  divide  it 
into  two  portions,  A  and  B.  To  A  add  about  10  drops  of  aulpburic 
acid  and  boil,  meanwhile  collecting  the  vapour  which  comes  off  in  a 
second  test  tube  containing  lime  or  baryta  water.  By  this  becoming 
milky,  the  presence  of  carbon  dioxide  gas  is  demonstrated.  To  B  add 
about  5  drops  saturated  caustic  potash  and  boil.  Ammonia  gas  is 
evolved,  BO  that  a  moistened  strip  of  red  litmus  paper  is  turned  blue  if 
held  in  the  fumes,  which  smell  strongly  of  ammonia. 

A  substance  intermediate  between  urea  and  ammonium  carbonate, 
and  having  therefore  the  formula  '^<Cv[|  *>  "^^  be  formed  by 
allowing  dry  carbon  dioxide  gas  to  act  on  dry  ammonia.  This  is 
called  ammonium  carbamate.  If  heated  to  135*  C.  it  splits  up  into 
urea  and  water.  A  certain  amount  of  ammonium  carbamate  is  always 
present  in  watery  solutions  of  ammonium  carbonate. 

Dry  beat  splits  urea  into  ammonia  gas  and  a  body  called  Biuret  By 
further  heating.  Biuret  changes  into  cyanuric  acid  (HCNO,),  which 
is  isomeric  with  cyanic  acid,  HCNO. 

Experiment  V.  Heat  some  urea  crystals  in  a  dry  test  tube. 
Note  that  they  melt  and  give  off  ammonia.  Continue  beating  for  a 
few  minutes,  then  cool  the  test  tube  and  dissolve  the  residue  in  water, 
and  to  this  solution  apply  the  Biuret  test.  A  rose  pink  colour  results 
(see  Peptone,  p.  302). 

Conversely,  we  can  change  cyanic  add  into  urea  by  evaporating  an 
aqueous  solution  of  ammonium  cyanate  (NH^CNO)  to  dryness.    This 
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ult  hae  the  aune  empirical  formula  u  urea,  but  ite  structural  formola 
is  different : 

%  "^ 

(Amrooninm  oy«iuile]  (Ur«k) 

It  was  by  this  means  that  Wohler  first  showed  that  organic  bodies 
of  animal  origin  could  be  formed  from  inorganic  substances. 

PBEPABATION  OF  DREA. 

!■  nrom  nrinS'— To  kbout  400e.c.  urine  uld  barium  miitnre  (1  vol.  BataratMl 
btuium  nitnte  aolutloii  mixed  with  2  voL  buyta  water)  until  there  is  na  farther 
precipitate  of  salpbatM  and  pboaphate*.  Filt«r  and  eraponle  the  fiHtate — at 
firtt  over  a  free  flame,  afterward!  ou  a  water-bath — to  a  thin  ajrup.  Now  mix 
thii  lynip  with  about  100  c.c  methylated  ipirit,  and,  after  allowing  the  mixture 
to  slaod  for  abont  half  an  hour  to  that  the  precipitate  of  inorganic  ealta  may 
•ettle,  filter  the  alcoboljo  extract  into  an  evaporating  diih  and  evaporate  il  nearly 
to  dryneu  ou  a  water-bath.  Allow  the  reaidne  to  cool,  and  then  add  to  it  abont 
double  its  volnme  of  concentrated  pore  nitric  acid,  meanwhile  placing  the  baain 
in  a  diih  of  oold  water,  and  atirring  the  contents  with  a  glaM  rod  lo  aa  to 
accelerate  the  formation  of  the  urea  nitrate.  After  about  half  an  hoar  the 
crjatalt  of  urea  nitrate  are  filtered  off  by  mean*  of  a  motion  filter,  lucked  aa 
drjr  a*  pOMlble,  and  then  placed  between  seTeral  thickneeM*  of  filter  paper, 
between  which  they  ate  ptvweil  so  a*  to  dry  them.  In  order  to  convert  the 
nitrate  into  nrea,  the  crystali  are  placed  in  an  evaporating  dish  and  diuolTad  in 
aa  little  water  m  pouible  ;  the  basin  is  then  pUc«d  on  a  heated  water-bath,  and 
powdered  barium  carbonate  added  with  a  penknife  in  small  quantities  until  the 
fluid  reacts  neutral.  By  this  treatment  the  urea  nitrate  is  decomposed,  the  nitric 
acid  combining  witb  barium  to  form  bariom  nitrate,  and  the  urea  being  thereby 
liberated.  The  mixture  is  now  filtered,  the  filtrate  evaporated  to  dryness  and  the 
urea  taken  up  from  the  residue  by  extracting  witb  absolute  alcohol,  which  doei 
not  dissolve  the  barium  nitrate.  The  alcoholic  solution  of  ur«a  is  now  evaporated 
to  drynees,  when  a  mass  of  urea  crystals  is  obtained. 

The  above  process  may  be  considerably  curtailf^l  by  omitting  the  preliminary 
precipitation  of  phosphates,  etc.,  with  barium  mixture,  the  evaporated  urine  being 
simply  mixed  in  a  teat  tube  with  nitric  acid,  which  is  kept  cool  by  Immersing 
it  in  a  beaker  of  water.  The  crystals  of  urea  nitrate  are  then  filtered  off,  dried 
iietween  filter  paper  and  treated  with  barium  carbonate  as  above  deacribed.* 

2-  Separation  of  Urea  from  Blood,  Serous  Floids  or  Waterr  Extracts 
of  Tissnes.— About  100  cc.  of  the  fluid  are  mixed  with  four  times  its  volame  of 
methylated  spirit,  vigorously  shaken  and  allowed  lo  stand  over  night.  By  this 
treatment  the  proteins  are  coagulated,  wbereai  the  spirit  dissolves  the  urea.  The 
ooagulum  is  now  filtered  off,  washed  with  spirit,  and  the  washings  are  combined 
with  the  filtrate,  the  whole  being  then  ei'aporated  to  dryness  on  a  wat«r-bath. 
The  residue  la  extracted  with  absolute  alcohol,  the  extract  filtered,  again  evapo- 
rated to  dryness  and   re-extracted   with   absolute  alcohol,   this  process  being 

'  By  adding  powdered  animal  charcoal  after  barium  carbonate,  and  boiling  and 
filtering,  the  final  product  will  be  rendered  colonrlesa. 
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repeated  until  the  evaporated  residue  i>  entirel]'  disoolved  in  the  alcohnl.  The 
purified  residue  i>  now  cooled  by  placing  the  dinh  containiDg  it  on  ice,  and  is 
mixed  with  one  or  two  drops  of  pure  nitric  acid,  the  mixture  I>eiiig  allowed  to 
stand  on  ice  till  oext  day,  when  it  ie  examiaed  [or  crystaU  of  urea  nitrate. 

The  alooholic  extracti  usually  contain  a  considerable  amount  of  fatty  acid 
which  may  mask  the  aeparation  o{  area  nitrate.  To  remove  thia,  the  Bret 
alooholic  extract  should  be  mixed  with  a  few  drops  of  a  solution  of  basic  lead 
acetate  till  no  mote  precipitate  is  produced,  after  which  a  few  drops  of  a  solution 
of  ammonium  carbonate  are  added  to  cause  the  suspended  precipitate  of  lead 
■oapi  to  settle  down.  The  solutiou  is  then  filtered,  and  the  lead  removed  from 
the  filtrate  by  passing  a  aticam  nf  H.,S  gas  through  it. 

For  quaniilativelff  edimatinri  urea  the  following  methods  may  be 
employed : — 

I.  By  decomposing  urea  with  sodium  bypobromite  in  the  presence 
of  free  cauatic  alkali.  The  alkali  absorbs  the  liberated  carbonic  acid 
and  the  nitrogen  is  collected  in  a  graduated  tube.  From  the  amount 
of  nitrogen  evolved  the  urea  can  be  calculated  by  remembering  that 
O'l  grm.  urea  contained  in  urine  yields  37-1  c.C.  moist  nitrogen  at 
15°  C.  and  760  mm.  pressure,  O'l  grm.  of  pure  xirea  should  theoretically 
liberate  39'76  c.c.  nitrogen  under  the  above  conditions,  but  only  about 
92  per  cent,  of  the  urea  nitrogen  is  liberated  by  the  bypobromite. 
This  deficit  is,  in  urine,  however,  partly  compensated  by  a  certain 
amount  of  nitrogen  being  simultaneously  split  off  from  the  other  nitro- 
genous bodies  present.  The  method  is  therefore  only  approximate. 
There  are  various  forms  of  apparatus  used  for  collecting  the  liberated 
nitrogen.  That  of  Dupr^  (Fig.  242)  consists  of  an  inverted  burette 
(o)  placed  in  a  cylinder  of  water,  and  to  the  neck  of  which  is 
connected  a  T-piece  {/).  With  the  side  tube  of  this  the  generating 
bottle  is  connected  by  india-rubber  tubing,  and  the  other  tube  is 
closed  with  a  piece  of  tubing  and  a  clip.  To  make  the  estimatiom 
25  c.c.  of  the  alkaline  solution  of  sodium  bypobromite  are  placed 
in  the  generating  bottle  (o)  and  5  c.c.  urine  in  a  small  tube,  which 
is  then  carefully  placed  in  the  genenitiug  bottle  without  allowing 
the  two  fluids  to  mix.  The  cork  of  the  generating  bottle  is  then 
inserted,  and  the  meniscus  of  the  water  both  inside  and  outside 
the  burette  brought  to  the  same  level  at  the  zero  mark,  the  clip 
on  the  T-piece  being  open  meanwhile,  and  water  being  added  to, 
or  removed  from,  the  outer  vessel  if  necessary.  The  clip  is  now 
applied,  and  the  burette  raised  to  ascertain  that  no  leakage  exists. 
The  two  menisci  are  then  readjusted,  and  the  contents  in  the 
generating  bottle  mixed.  The  evolved  N  displaces  the  water  in  the 
burette.  After  the  reaction  is  complete,  the  generating  fiaak  is 
immersed    in  a  basin  of   water,  so  as   to   bring   the  temperature  of 
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the  gas  cont&ined   in   it   to  tbe  same  ae  that  of   the   gas   in 
burette.      After   waiting   two   minutea   the   two   menisci   are   s. 
brought  to  the  same  level,  and  the  number  of  c.c.  of  N   I'ead  off 
Another  form  of  apparatus  is  that  of  Gerrard  (Fig.  243). 


For   rapid    clinical    purposes    quite    satisfactory   results   may    b«  I 

obtained  by  using   the   Doremus   ureometer  (Fig.   ^40),   with  side  1 

tube  for  the  urine.     In  using  this  2  c.c.  of  urine  are  placed  in  the   J 

small  side  tube  and  the  main   tube  is  filled  with  the  hypobromite 

solution.     By  turning  the  stopcock  the  urine  is  then  allowed  to  run 

very  slowly  into  the  hypobromite,  when   the  nitrogen  rises  to  and 

cotlects  at  the  top  of  the  tube.     When  all  effervescence  has  ceased  the   ' 

apparatus  is  allowed  to  stand  until  it  is  cooled  to  room  temperature, 

when  the  graduation  at  which  the  meniscus  stands  is  noted.     This   I 


dbyGoogle 


PHYSIOLOGICAL  CHEMISTRY  411 

graduation  corresponds  to  grammes  of  urea  in  the  quantity  of  urine 
used. 

II.  Hiimer-Folin  Method. — Principle. — By  thsK^ditioD 
of  certain  reagents  to  a  meaiured  quantity  oE  urine,  the 
grsster  proportion  of  tlie  uitrageooua  bodlei,  i 
uid  ammonia,  are  precipitated.  The  precipitate 
by  filtralioD,  Mid,  after  eipeiling  the  ammonia  by  beat,  tha 
nitrogen  of  ths  filtrate  a  determined.  This,  multiplied  by 
3'143,  gives  the  amount  of  urea  present. 

SolvlUnu  neaiaary. — 

1.  Powdered  barium  hydroxide  (baryta). 

2.  A  mixture  oE  I  vol.  ether  and  2  vol.  absolute  alcohol, 

3.  Apparatui,    etc.,    for    Kjeldahl's     oitrogen    deter- 

Dtlerminati<m.—6  c.c.  urine  are  shaken  in  a  small  stop- 
pered Soak  with  1'5  grm.  barium  hydroxide  until  n 
will  dissolve  :  100  c.c.  alcohol-ether  mixture  are  then  added, 
whereon  a  copEous  precipitate  falls  down.     The  flask  ia  corked  _ 

and  left  standing  over  night.  The  contents  are  then  filtered  '"'  """  """■"""'■ 
throDgh  a  small  filter  paper  (10  cm,  in  diameter),  the  filtrate  being  collected  in  a 
Rjeldahl  combustion  flask  oE  600  c.c.  capacity.  When  all  the  solution  has 
passed  through,  the  precipitate  is  washed  at  least  three  times  with  olcobol'ether 
mixture,  and  theu  the  fiaak  is  connected  with  a  sDction  pump  and  placed  on  the 
water-bath  heated  to  55°  C-'  When  the  liquid  baa  been  reduced  to  a  few  c.c, 
25  cc.  water  and  a  pinch  of  magnesium  oxide  are  added  to  the  contents  and 
the  evaporation  continued  so  as  to  drive  off  the  last  traces  of  ammonia  from  the 
•olntiOD.  When  the  volnme  of  fluid  in  the  flask  has  reached  about  10  c.c. 
the  area  is  determined  by  Folin's  method. 

Folis's  Method. — nnleaa  reducing  substances  Huch  as  sugar  are  present 
this  method  is  usually  applied  directly  to  the  urine  without  a  preliminary 
treatDient  by  the  Miirner  and  Folin  method. 

The  principle  of  this  method  depends  on  the  fact  that  urea  becomes  completely 
hydrolysed  into  carbon  dioxide  and  ammonia,  when  solutions  of  it  are  heated  for 
about  an  hour  to  a  temperature  of  150°-19r  C.  The  bydrolyBts  must  U  performed 
in  acid  reaction  so  that  no  ammonia  can  escape.  The  above  temperature  may 
be  obtained,  either  by  heating  under  pressure  (in  on  autoclave)  or,  aa  recom- 
mended by  Folin,  by  heating  the  urine  with  magnesium  chloride  which,  after 
the  excess  of  water  has  evaporated,  gives  a  solution  boiling  at  100°  C- 

BsFERlHENT.— Place  5  c.c.  urine,  5  c.c.  UCl  (con.)  and  20  grm.  magnesium 
chloride  in  a  200  c.c.  Jena  flask.  Connect  the  neck  of  the  flask  witli  a  glass 
trap  or  a  wide  tube,  and  heat  fairly  strongly  so  as  to  drive  off  the  water  from 
the  contents  oE  the  fiaak.  The  trap  prevents  too  much  HCl  from  escaping. 
When  all  the  water  has  been  boiled  olF  (10-15  minutes)  the  contents  of  the 
flask  will  change  in  their  manner  of  boiling  (they  will  behave  as  warm  water 
does  when  H,SO,  (con.)  is  dropped  into  it).     Now  lower  the  Same  and  connect  the 

'  To  employ  the  auction  pump  in  this  way  to  accelerate  evaporati 
temperature  the  Bask  is  closed  by  a  doubly-bored  cork ;  through  on< 
pump  is  connected,  through  the  other  pooaes  h  tube  ending  below  the  surfi 
liquid  in  the  flask  in  t,  fine  capillary  point. 
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flaak  with  >  reflox  oondeuMr,  kmpbag  lU  oontMiti  jost  boiling  for  I)  kotm, 
Aft«r  UiU  time,  and  wlthont  permitting  the  fWk  to  become  oold,  add  dietiUed 
water  eantioiMlf  and  tranafer  the  omit«nli  to  a  Sjeldahl  diatilling  flaak ; 
bring  the  Tolnnw  of  fluid  ap  to  600  e.0.  and  allow  10  0.0.  of  40  per  cent. 
NaOH  aotntion  to  ran  down  the  dde  of  the  flaak  eo  a*  to  totta  a  layer  under 
the  watery  lolntioiL  Add  aome  powdered  pamice  and  dlatil  the  oontenta  into 
a  maaaared  qnantity  of  ^H^O^  aa  deaoribed  in  oaimecitioD  with  Kjeldahl'a 
method.  The  diaUllatlon  require*  mnoh  longer  than  in  Kjoldahl'i  proccaa 
di  boon). 
From  the  nnmber  of  0.0.  of  ^NH,  fmwd  mnat  be  dednotod  :— 

(1)  The  e.0.  TitN^  preaont  aa  anoh  in  the  5  0.0.  of.  urine  uaod  [dstermined  by 
Fdin'e  or  ShaSer*!  metliod,  p.  433]. 

(2)  The  aa  y^NH,  preaent  in  the  reagenta  for  MgClg  always  oontaina  traoaa  of 
NH,.  "* 


CHAPTER   XVin. 
UBIC  ACID  AND  OTHER  PUBINB  BODIES. 

It  will  be  remembered,  from  the  deacription  of  the  chemical  atructim 
of  nuclein  (p.  310),  that  there  exist  among  ite  decompositioii  prodacts 
Bereral  bodies  belonging  to  the  so-called  purine  group  of  chemical  sub- 
stances. Uric  acid  is  also  a  member  of  this  group.  The  group  receives 
its  name  because  all  the  members  of  it  contain,  as  their  nucleus  of 
oonstructioD,  a  body  called  purine,  which  eziste  as  a  double  ring  of 
carbon  and  nitrogen  atoms.  The  various  members  of  the  group  differ 
from  one  another  according  to  the  nature  and  position  of  the  atoms  or 
groups  of  atoms  which  are  tacked  on  to  this  purine  ring.  In  order  to 
make  the  relationshipe  clear  the  structural  formulae  of  the  various 
members  should  be  studied  side  hj  side,  thus : — 

»N— C  HN— CO 


■^N\ 


»k— *C— N»/      ' 
Purine  Dnoteiu. 

HN-CO 

CO  C-NH 

\  II  >CH; 

HN— C— N 
Xutthine 
(2,  6,  diDzypnrim). 


/ 


CO 


i-NI 


flL 


HN— C-NH/ 

Drioaoid 

(2,  6,  8,  triozypurine). 

HN— CO 

!H  C— N 


X- 


-NH 
C  — N 


>CH; 
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The  atomB  in  purine  are  numbered  bc 
of  the  location  of  the  side  groups. 

The  lowest  oxidation  product  of  purine  is  hypoxan thine  (6  oxypurine). 
It  occure  abundantly  in  muscle  extract  (p.  366)  and  in  the  extracts  of 
ottter  tissues,  and  also  in  the  urine.  It  always  exists  along  with 
xanthine,  which  is  2,  6  di-oxypurine. 

If  the  oxygen  in  hypoxanthine  be  replaced  by  an  imino  group 
( —  NH),  the  result  is  adenine,  which  occurs  in  nucleic  acids. 

A  similar  derivative  of  xanthine  is  called  guanine.  It  is  the  only 
purine  found  in  the  variety  of  nucleic  acid  called  guanylic  acid,  and 
exists  in  certain  pigments  of  insects  and  fishes.  It  occurs  abundantly 
in  guano. 

If  three  oxygen  atoms  be  present  we  have  uric  acid  (2,  6,  8  tri- 
oxypurine),  and  this  is  the  form  in  which  nearly  all  the  "  tissue 
purines"  are  excreted  in  the  urine. 

The  empirical  formulae  for  these  bodies  are  therefore : — 
Purine,  CbH,N,. 

(Hypoxanthine,    C^H^N^O. 
Xanthine,  C.H^N^Oj. 

Adenine,  C,H,Nj. 

Guanine,  CsH^NjO. 

Uric  Acid,  CjH^N.Oa. 

Of  these,  the  uric  acid  is  by  far  the  most  abundant  in  urine,  whereas 
the  purine  bases  are  most  abundant  in  the  tissues.  In  metabolism  the 
latter  form  the  precursors  of  the  former. 

The  alltaloids  of  tea  and  coffee  are  methyl  derivatives  of  xanthine. 
Thus,  caffeine  and  theine  are  1,  3,  7  trimethyl,  3,  6  dioxypurine,  and 
theobromine  (the  alkaloid  in  cocoa)  is  3,  7  dimethyl,  2,  6  dioxypurine. 

The  constitutional  formula  of  uric  acid  given  above  indicates  that  it 
is  a  diureide,  containing  two  urea  groups  in  the  molecule.  This  fact  is 
demonstrated  by  the  syntheseH  of  uric  acid  and  by  the  nature  of  ite 
oxidation  products. 

The  simplest  synthesis  of  uric  acid,  brought  about  by  heating  urea 
with  a  derivative  of  lactic  acid,  trichlor  lactamide,  is  of  some  phyi 
logical  importance,  as  there  is  experimental  evidence  to  show  that  in 
birds  uric  acid,  which  forms  their  principal  nitrogenous  excretive,  is 
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ayntheriaed  in  the  liver  from  oxidfttion  products  of  lactic  acid. 
Whether  such  a  syntheoia  takes  place  also  in  mammAla  is  at  present 
unknown. 

On  oxidation  with  potasdum  pennanganate  uric  acid  yields  ollanbM, 
which  is  present  in  the  urine  of  the  dog  and  cat,  and  occasionally  in 
that  of  man.    The  formula  for  allantoin  is '. — 

,NH— CH_NH. 

coc         I  >co- 

^NH— CO    NH,/ 

On  oxidation  with  nitric  acid,  uric  acid  yields  alUxcan,  carbon  dioxide, 
and  nitrogen.  Ad  intermediate  oxidation  product,  aibxtaniin,  is  formed 
at  the  same  time,  which  with  ammonia  forms  a  red  dye,  mwadde.  This 
reaction  is  used  as  a  test  for  uric  acid.  Alloxan  is  the  ureide  of 
mesoxalic  acid : — 

Further  oxidation  yields  the  ureide  of  oxalic  acid. 

Ordinarily  uric  acid  behaves  as  a  monobasic  acid,  being  soluble  in 
alkalies  {caustic  soda,  ammonia,  and  boiling  solution  of  sodium  carbonate) 
with  the  formation  of  the  corresponding  salts,  which  are  more  soluble 
in  water  than  the  free  acid.  The  dibasic  salts  can,  however,  be  obtained 
by  the  use  of  excess  of  concentrated  alkali,  so  that  it  is  the  custom 
to  call  uric  acid  a  dibasic  acid  and  its  ordinary  salts  acid  salts,  although 
their  solutions  are  alkaline,  not  acid.  Strictly  speaking,  uric  acid  is  a 
tetrabasic  acid,  as  all  four  hydrogen  atoms  in  the  molecule  have  latent 
acid  properties. 

Uric  acid  is  the  principal  nitrogenous  excretive  of  birds  and  reptiles. 
Together  with  other  purine  bodies  it  is  always  present  in  the  urine  of 
man,  having  a  twofold  origin,  exogenous  and  endogenous.  The  exo- 
genous purines  come  from  purine  bodies  in  the  food  (nucleo-proteins  in 
cellular  stnictureB,  xanthine  and  hypoxanthine  in  meat,  caffeine,  etc.). 
The  endogenous  output  of  purines  is  fairly  constant  for  a  given  indi- 
vidual under  ordinary  conditions,  and  is  to  be  traced,  partly  at  any  rate, 
to  the  breakdown  of  nucleo-proteins  in  the  body.  Burian  and  Schur 
found  the  daily  purine  excretion  of  a  normal  individual  on  an  ordinary 
diet  to  be  about  1  grm.  On  a  purine  free  diet  this  was  reduced  to  6'0 
grm.,  and  was  practically  independent  of  the  amount  of  nitrogen  in  the 
food.  Violent  muscular  exercise  and  pyrexia  both  increase  the  output 
of  purine  bases  and  uric  acid  on  a  purine  free  diet  This  effect  is  pre- 
sumably connected  with  the  xanthine  and  hypoxanthine  of  muscle 
(see  p.  354). 
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Preparation  and  Reactions  of  Uric  Acid. 

EXPKBIHKNT  I.  To  100  c.c  urine  add  5  cc.  HCl  (cone),  and 
allow  the  mixture  to  stand  overnight.  It  will  then  be  found  that  a 
dark-brown  sediment,  like  cayenne  pepper,  has  settled  down,  and  pro- 
bably also  that  a  brown  scum  has  formed  on  the  surface.  Filter  and 
examine  the  sediment  under  the  microscope.  It  consists  of  large  dark- 
brown  clumps  of  crystals,  whetstone  or  barrel-shaped  (Fig.  245),  These 
are. crystals  of  uric  acid  admixed  with  pigment.  They  can  be  purified 
by  solution  in  C  per  cent.  KOH  and  reprecipitation  by  UCl.  Preserve 
the  crystals  for  further  use. 

Experiment  II.  Pure  crystals  can  be  obtained  from  the  solid  urine 
of  a  snake  or  bird.  This  urine,  which  consists  of  sodium  urate,  is 
dissolved  in  caustic  potash  and  acidified  with  HCl.  Pure  uric  acid 
separates  out. 

From  these  two  experiments  we  learn  that  uric  acid  exists  in  urine 
as  a_  salt.  If  this  salt  be  decomposed  by  a  mineral  acid  the  liberated 
uric  acid,  being  very  insoluble,  is  precipitated. 

The  following  are  the  most  important  readtons  of  uric  add. 

Experiment  III.  The  Hurexide  Test.— Place  some  uric  acid  or 
bird's  urine  in  a  capsule,  add  a  few  drops  of  dilute  nitnc  acid,  evaporate 
iloieli/  to  dryness  on  a  water-bath.  A  yellow  residue  is  obtained.  Add 
a  drop  of  ammonia,  a  crimson  colour  results,  which  is  changed  to  purple 
by  adding  caustic  soda.  If  overheated,  the  residue  will  turn  crimson 
without  the  addition  of  ammonia. 

Experiment  IV.  Uric  acid  has  the  power  of  reducing  metallic 
oxides  in  alkaline  solution.  This  may  be  demonstrated  by  the  following 
tests.  Some  uric  acid  is  dissolved  in  weak  sodium  carbonate  solution, 
which  is  then  poured  on  to  a  piece  of  filter  paper  moistened  with  a 
solution  of  AgNOj.  A  black  stain  of  reduced  silver  results.  This  is 
called  Schiffs  reaction.  In  the  presence  of  neutral  salts,  and  more 
especially  of  magnesium  mixture  (MgCl^  NH^Cl,  NHj),  the  uric  acid 
and  other  purine  bodies  unite  with  the  silver  to  form  a  double  salt. 
This  salt  separates  out  as  a  gelatinous  precipitate,  and  is  employed  for 
quantitatively  estimating  the  purine  bodies  (Salkowski's  method).  Uric 
acid  can  also  exercise  its  reducing  powers  on  cupric  salts  in  alkaline 
solution.  By  applying  Trammer's  test,  or  one  of  ita  modifications,  to 
an  alkaline  solution  of  uric  acid,  it  will  be  noticed  that  reduction 
ensues.  The  reduction  precipitate  is,  however,  of  a  dull  brown  colour 
instead  of  being  yellowish  red,  as  it  usually  ia  This  is  because  a 
certain  amount  of  the  cuprous  oxide  unites  with  some  of  the  uric  acid 
to  form  a  brown  compound. 
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Experiment  V,  Teats  for  Uric  Acid  in  Urine,— Apply  Sdiiff's 
test  to  urine.  The  result  is  positive,  but  does  not  necessarily  shovr  the 
presence  of  uric  acid,  as  other  reducing  bodies  are  present  in  the  urine. 
The  murexide  test  cannot  be  applied  directly  to  urine,  as  urine  yields  a 
red  pigment  on  heating  with  nitric  acid.  In  order  to  apply  this  test 
take  about  100  c.c.  of  urine,  add  ammonia  until  it  is  alkaline,  and 
saturate  with  ammonium  chloride.  A  precipitate  of  ammonium  urate 
forms.  This  is  filtered  off,  dissolved  in  a  few  c.c.  of  water,  and  employed 
for  the  murexide  test 

Estimation  of  Uric  Acid. 

The  most  rapid  am!  accurate  method  u  that  of  Hopkitia  as  modified  by  Polin. 

In  this  method  the  mucoid  subatniices  and  aonie  of  the  phoaphntea  of  urine 
ore  first  of  all  precipitated  by  a,  strong  solution  of  ammonium  sulphate  oon- 
tHining  uranium  itcetate  aod  acetic  acid,  and  the  filtrate  is  then  rendereil  alkaline 
with  ammonia :  on  standing  iLmmonium  urate  separates  oat.  This  is  collected 
on  a  filter,  washed,  aod  suspended  in  water  and  titrated  with  ti/20  potassium 
permanganate. 

The  method  is  carried  out  aa  follows  :— 

To  3D0  CO.  urine  in  a  flask  75  c.c.  of  the  nrnninm  ammonium  sulphate  re- 
agent is  added  (SOOg.  ammoo.  sulph.,  5gr.  uranium  acetate,  60  c.c.  10  per  cent. 
acetic  acid,  650  e.c.  water),  and  in  five  minutefl  the  solution  is  filterod  through 
B  dry  thick  filter  paper  into  a  dry  250  c.c.  measuring  cylinder,  or  into  a  dry 
henker.  Two  portions  of  the  filtrate  of  I'25  c.c.  each  are  transferred  to 
benkera  and  3  c.c.  concentrated  ammonia  added  to  each.  The  beakers  are 
then  Bet  aside  for  twenty-four  hours,  at  the  end  of  which  time  the  precipitate 
of  amnioaium  urate  will  be  found  on  the  bottom  of  the  beaker.  The  clear 
topematniit  fluid  is  carefully  poureil  through  a  hardened  filter,  after  which  the 
sediment  is  shaken  with  a  10  per  cent,  solution  of  ammonium  sulphate  and  care- 
fully coUecterl  on  the  same  fitter  and  washed  once  or  twice  with  the  10  pet  cent. 
ammonium  sulphate  solution.  It  is  unnecessary  to  transfer  every  trace  of  pre- 
cipitate to  the  filter,  and  the  washing  with  amnionium  aulphate  solution  does  not 
require  to  bo  prolonged.  The  filter  is  then  opened  up  and  the  precipitate  washed 
into  the  beaker  in  which  the  original  precipitation  was  made  by  means  of  a  spray 
of  distilled  water  from  a  wash  bottle.  As  a  result  of  this  process  about  100  c.c 
of  fluid  should  have  collected  in  the  beaker.  Then  15  c.c.  H,SO,  (cone)  is 
added  to  the  Quid,  and  while  still  hot  from  the  miiing  of  acid  and  water,  it  is 
titrated  with  n/20  potassium  permanganate  until  a  faint  pink  colour  remains  for 
five  seconds  after  mixing.  The  reading  obtained,  multiplied  by  0'00375,  gives 
the  grammes  of  uric  acid  in  100  c.c.  of  nrine.' 

EBtimation  of  the  Total  Purine  Bodies.  Uodified  Camerer's  Method. 
— Princiide, — Ammoniacal  silver  nitrate,  in  the  presence  of  neutral  salts,  or, 
better,  of  magnesium  mixture,  combines  with  all  the  purine  bodies  to  form  on 
Insoluble  salt  of  definite  composition  (see  p.  425).  The  nitrogen  in  this  con  be 
estimated  by  Kjeldahl's  method,  and  the  result  enprssaed  as  total  purine  nitrogen. 
This  result  is  exceedingly  useful  in  studying  the  metabolism  of  purine  bodies.     If 

'On  account  of  partial  solubility  of  ammonium  urate  in  water,  it  is  necessary 
to  add  3  mg.  uric  acid  for  every  100  c.c.  of  urine. 
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it  be  desired  to  dolermine  the  nric  acid  and  the  baM«  Mpant*!;,  >  ilig}it  modifi- 
eation  of  the  procesa  w  necessary. 

Soluliana  TKCMary. — I.  Magnesia  mixture.  This  coosists  of  1  part  cr^BttJIiaed 
m^nesintn  chloride,  2  parts  chloride  o(  Binmonium,  diasolvod  in  8  parts  of  water 
and  made  itrongly  alkaline  with  4  parts  of  ammonia.  If  the  mixture  be  not  quite 
clear  (from  the  prcBeace  of  magneaiiun  hydrate)  more  ammoninm  chloride  ihonld 
be  added. 

2.  Ammoniacal  silver  nitrate.  Diasulve  26  gr.  silver  nitrate  in  about  300  c.  c. 
water,  add  ammonia  to  this  until  the  precipitate  of  silver  oxide,  which  first  forms, 
rediuotves.     Dilute  the  Bolution  to  one  litre. 

3.  Kjeldahl's  apparatus  and  solutinns  (see.  p.  410). 

Delerminalion, — 240  c.c.  protein  free  urine  are  mixed  with  30  c.c.  magnesia 
mixture,  and  the  solution  is  made  up  to  300  c.c.  by  the  addition  of  a  20  per  cent. 
ammonia  solution.  This  process  is  best  done  in  a  measuring  cylinder.  After  the 
precipitate  has  settled,  which  it  does  in  a  few  minutes,  it  is  filtered  through  a 
dry  folded  filter  and  two  portions  of  the  filtrate  are  taken  amonnting  to  125  o.c. 
each.  Each  of  these  coirespomis  to  100  c.c.  of  the  original  urine.  They  are  both 
treated  in  exactly  the  same  way,  aud  should  yield  similar  results.  Each  is  mixed 
with  10  c.c.  ammoniacal  silver  nitrate,  and  the  mixture,  after  the  precipitate  has 
■ettled  somewhat,  filtered  through  an  ash-free  filter  paper  {of  10  cm.  diameter). 
The  last  traces  of  the  precipitate  are  removed  from  the  beaker  by  means  of  weak 
ammonia  water.  The  next  stage  conHists  in  washing  the  precipitate  with  distilled 
water  until  it  is  free  from  ammonia,  as  the  presence  of  this  would  vitiate  the 
determination  of  the  nitrogeu.  In  order  to  do  this,  the  precipitate  shonld  be 
allowed  to  stand  exposed  to  the  air  over  night  so  that  it  may  become  partially 
dried,  in  which  state  the  washing  with  water  is  much  eaaier  than  when  the 
precipitate  is  moist,  for  then  it  forma  a  gummy  mass.  The  washing  must  be 
continued  until  the  washings  no  longer  react  alkaline  to  litmus.  In  order  Ht 
remove  the  lost  traces  of  ammonia,  the  filter  paper,  with  the  precipitate  on  it,  ia 
carefully  removed  to  a  Kjeldahl's  combustion  flask  ;  about  50  c.c.  of  water  are 
added,  aud  then  a  little  magnesium  oilde.  The  mixture  is  then  boiled,  wbereoa 
the  magnesia  expels  the  amnmnia.  The  boiling  is  continued  until  only  about  10 
c.c.  of  fluid  remain,  and  then  sulphuric  acid,  etc.,  are  added,  and  Che  nitrogen 
determined. 

To  Determine  the  Bases  and  Acid  separately.— Various  methods  are 
recommended.  The  simplest  is  probably  to  precipitate  the  liases  by  the  Camerer 
method  in  the  filtrate  from  wliicli  uric  acid  lias  been  removed,  as  ammonium  urMe, 
as  described  under  Fotin's  method. 

Hippnric  Acid. — In  herbivorous  aiiimak  a  large  amount  of  hippuric 
acid  ia  excreted,  but  in  mjiii  on  an  ordinary  diet  and  in  the  camivora 
only  a  small  quantity.  Hippuric  acid  may  readily  be  obtained  from 
the  urine  of  a  herbivorous  animal  by  the  following  procedure.  The 
urine  ia  boiled  for  a  few  minutes  with  excess  of  milk  of  lime,  filtered 
hot,  concentrated  on  the  water-bath,  cooled  and  acidified  with  hydro- 
chloric acid.  Crystals  of  hippuric  acid  separate  on  standing,  which  are 
filtered  oft'  and  dried.  They  may  be  freed  from  benzoic  acid  by  extrac- 
tion with  petroleum  ether,  in  which  hippuric  acid  is  insoluble,  and 
recrystallised  from  hot  water,  using  animal  charcoal  to  decolourise  if 
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necessary.  Chemic&lly  hippuric  a^id  is  benzoyl  glycine  C,H(.  CO.  NH. 
CHj.  COOH.  It  may  be  syntbesised  by  the  action  of  benioyl  chloride 
on  glycine,  and  deoompoeee  to  benzoic  acid  and  glycine  on  heating  with 
strong  hydrochloric  acid. 

The  presence  of  hippuric  acid  in  urine  is  due  to  aromatic  substances 
in  the  food,  which  are  o^ddiaed  to  hensoic  acid  in  the  body  and  excreted 
in  combination  with  glycine.  A  vegetable  diet  is  particularly  rich  in 
these  aromatJo  substances.  Hence  the  large  quantity  of  hippuric  acid 
in  the  urine  of  herbivorous  animals. 

OrMtinin. — ^The  chemical  retationshipe  of  this  body  have  already 
been  discussed  (see  Muscle,  p.  3S2}.  Urine  always  contains  creatinin. 
On  a  creatinin-free  diet  the  amount  excreted  per  diem  is  remarkably 
constant  for  a  given  individual  So  much  so  that  a  determination  of 
creatinin  in  a  urine  of  twenty-four  hours  from  a  person  whose  creatinin 
output  is  known  affords  a  test  as  to  whether  the  urine  has  been  properly 
collected.  Creatin  is  not  normally  present  in  urine  unless  large  quan- 
tities of  creatin  are  taken  in  the  diet.  It,  however,  makes  its  appear- 
ance in  inanition  and  in  carcinoma  of  the  liver. 

Testa  foi  Orsatiiiin. 

Experiment  VI.  Weyl's  BaactioiL — To  five  c.c.  of  urine  are  added 
four  or  five  drops  of  a.  very  dilute  solution  of  sodium  nitro-prusaide,  so 
that  the  original  colour  of  the  urine  remains  unchanged.  If  a  weak 
solution  of  caustic  soda  be  now  added  drop  by  drop  a  ruby-red  colour 
results,  quickly  changing  to  yellow.  If  an  excess  of  acetic  acid  be 
added  and  the  solution  boiled,  a  greenish  blue  colour  results,  and  after 
standing  some  time  a  blue  sediment  (Prussian  blue)  settles  to  the 
bottom  of  the  tube. 

Acetone  gives  a  similar  colour  with  the  nitro-pnisside  and  alkali,  but 
it  does  not  change  to  yellow  on  standing,  and  turns  reddish  purple  on 
the  addition  of  acetic  add. 

Creatinin  poBseseeB,  to  a  certain  extent,  the  power  of  reducing 
metallic  oxides  in  alkaline  solution,  and  this  must  be  remembered  as  a 
possible  source  of  fallacy  in  testing  for  dextrose. 

KzFKRiHBNT  VII.  Jaffd's  Test— Add  a  few  drops  of  a  saturated 
solution  of  picric  acid  in  water  and  a  few  drops  of  caustic  soda  10  per 
cent,  solution  to  about  6  cc.  urine.  A  red  colour  is  produced  owing  to 
the  formation  of  picramic  acid. 

Estimation  of  Oreatinin.  Folim'i  Uettaod.— For  thu  pnrpoK  the  Drine 
muit  b«  fre«  from  Meto-aoetio  acid  and  hydrogen  iiilphida,  and  matt  coatkln  not 
more  than  tncei  of  acetone.  MeMure  10  c.c.  nriue  with  a  pipette  into  a  MM  co. 
gr«(]nat«d  flaak.  Add  15  o-o.  tatnrated  aqDeoai  picric  acid  lolation  (about  1*2 
per  cent.)  and  S  cc  lO  per  cent,  cauitic  soda  lulation.     Uii  and  allow  to  stand 
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for  five  miiiDtes.  Fill  up  tbe  B&sk  to  the  500  o.c.  mark,  and  mix  veil.  By  mauu 
of  B  Duboaq  or  other  suitable  (.•olorinieter  determiue  the  depth  of  liquid  reqairocl 
to  give  in  daylight  ■□  intensity  of  colour  exactly  ec|u&l  to  tb»t  given  by  &  d«pth 

of  8  mm.  of  ft  solu- 
tionooDtiUDUiK24-55 
grm.  pure  potauium 
bichromate  per  litre. 
The  reudings  of  the 
oolorimeter,  of  which 
several  should  be 
tkkeD,  should  be 
completed       within 


nly    I 


.   of 


the  dilation,  u  the 
rekctiun  liquid  fre- 
quently fades.  The 
zero  of  both  sides 
of  the  colorimeter 
should  be  tested,  and 
LC  is  as  well  to  test 
the  use  of  the  colori 
meter  by  eraplaying 
the  bichromate 
solution  on  both  Midea 
before  determining 
Batinin.  Tbe 
readings  in  the  crea. 
tin  in  determination 
should  not  differ  by 
more  than  OS  mm. 
If  the  average  read- 
ing is  less  than  5 
mm.,thonrineshoald 

be  carefully  diluted  and  another  determination  mode ;  if  above  13  mm.,  20  a.c 

wine  instead  of   10  c.c.  should  be  employed. 

The  result  of  the  determination  is  calculated  from  the  formula  ; — 


IB.— Tlie  Dubosq  ColartmoU 


_10" 


Where  x  is  the  quantity  of  crcatinin  in  milligrammea  in  the  volume  of  urine 
employed,  and  a  is  the  colorimeter  reading  in  milliniBtres,  The  amount  of 
oreatinin  ia  in\'ersely  proportioual  to  the  colorimeter  reading.  The  formula 
depends  on  the  fact  that,  when  10  mg.  of  pure  crealinin  was  employed  for  a 
determination,  the  colorimeter  reading,  against  8  mm.  of  standard  bichromate, 
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Estimation  of  Creatin 

-Place  in  a 

flask, 

fitted  with  a  co 

k  and  glass  tube 

toaer 

e  as  condenser,  lOc.i. 

urine  and  5 

C.C.N 

HCI. 

Heatth 

flaskinaboiUng 

water 

hath  for  fi 

H  hours. 

Cool  to  roo 

e.     Add 

HufGoient  caustic 

soda 

M  neutralise 

the  acid 

added,  15  c. 

c.  pic 

c  acid  solution 

andScc.  10  per 

oeut. 

caustic  soila 

Alio*  I 

0  stand  for  fi 

utea. 

Wash  th 

contents  of  the 

Bask 

nto  a  600 

c.  Hask, 

make  up  to 

500  0. 

c.  and 

proceed 

ua  for  creatinin. 

D,  i„=b,Google 


PHYSIOLOGICAL  CHEMIffTBY  431 

IUb  dBtennlnatioD  girea  the  craiitiii  and  oraktiiilD  togathar,  m  omtin  U  oon- 
rertod  by  the  add  Into  oreatinin.  Tba  dffilsraoce  betwaen  thU  reanlt  and  that  for 
oraaUain  prariooalf  datermined  rapraaenti  tha  amouit  of  craatin  praaent. 

Ammonia. — In  metabolism  atninonia  is  the  precursor  of  ures,  being 
transformed  to  urea  by  the  lirer.  The  transformation  to  urea  is  never 
absolutely  complete,  ho  that  urine  always  contains  ammonia.  In  man 
under  ordinary  conditions  the  output  of  nitrogen  as  ammonia  varies 
between  3  and  5  per  cent  of  the  total  nitrogen.    When  measured  in 

'fo' 

equal  to,  or  rather  less  than,  the  total  acidity  of  the  urine.  When  the 
nitrogen  of  the  diet  is  low,  the  ammonia  of  the  urine  ia  decreased  in 
absolute  amount,  but  forms  a  greater  percentage  of  the  total  nitrogen 
(aee  page  415). 

The  principal  cause  of  a  rise  in  the  ammonia  of  the  urine  is  the 
presence  of  acids,  which  require  neutralisation,  and  so  prevent  the  con- 
version of  some  ammonia  into  urea,  the  amount  of  ammonia  rising  more 
rapidly  than  the  total  acidity.  From  this  cause  the  ammonia  nitrogen 
may  rise  in  pathological  cases  till  it  forms  40  per  cent,  of  the  total 
nitrogen.  A  similar  effect  is  produced  in  dogs  (camivora)  by  the 
administration  of  hydrochloric  acid.  On  the  other  hand,  hydrochloric 
acid  given  to  rabbits  (herbivora)  causes  only  a  slight  rise  in  the  ammonia 
excretion.  These  animals  rely  on  mineral  bases  to  neutralise  the  acid, 
with  the  result  that  they  are  much  more  easily  poisoned  with  mineral 
acid  than  dogs  are.  Similarly,  ammonium  chloride  given  to  man  and 
to  dogs  is  mainly  excreted  unchanged,  because  the  hydrochloric  acid  of 
the  salt  prevents  the  conversion  of  ammonia  to  urea,  which  takes  place 
when  ammonium  carbonate  is  given ;  on  the  other  hand,  a  large  pro- 
portion of  the  ammonia  of  ammonium  chloride  given  to  rabbits  is 
converted  to  urea. 

Experiment  VIII.  Estimatioii  of  Total  Aclditr  and  Ammonia  in 
Viine. — Weigh  out  roughly  1 5  grm.  powdered  potassium  oxalate  (neutral 
to  phenol  phthalein),  place  in  a  flask,  and  add  from  a  pipette  25  c.c.  urine 
and  an  equal  volume  of  water.  Add  about  10  drops  1  per  cent,  alcoholic 
phenol  phthalein.     Mix  and  allow  to  stand  for  about  a  minute.     Now 

run  in  j^  caustic  soda  from  a  burette  until  the  contents  of  the  flask 

assume  a  slight  pink  tint.     Kead  the  burette.     Measure  into  a  small 

beaker  5  cc.  formalin  (40  per  cent,  formaldehyde)  and  roughly  6  c.c 

water,  and  add  a  few  drops  of  phenol  phthalein  solution.     Run  in 

N 

YYj  caustic  soda  till  a  slight  pink  colour  is  attained.     Add  this  mixturo 
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to  tha  flaak  containing  the  neutrslissd  urine.    Tha  pink  oolour  dli- 
appears.    Run  in  -rs  cauatic  soda  until  Uw  colour  retuma,  uid  take 
the  readiug. 
The  first  reading  of  tlie  burette  gives  the  total  acidi^  of  36  c.c 

'^- 

the  caldum  in  the  urine  as  calcium  oralate,  as  the  formation  of  calcium 

phosphate  would  otherwise  interfere  with  the  end-point. 

On  the  addition  of  neutral  formaldehyde  the  ammonia  in  the  urine 

combines  with  the  formaldehyde  forming  a.  neutral  compound,  urotro- 

pine,  thus  liberating  the  acid  which  it  previously  neutrsliaed.     The 

second  titration,  therefore,  determines  the  amount  of  ammonia  preseut 

N 
in  terms  of  j^  soda.    To  calculate  the  amount  of  nitrogen  in  grammes 

present  as  ammonia  in  the  volume  of  urine  taken  multiply  the  reading 
of  this  titraUon  in  cc  by  0-OOU. 

The  method  of  determining  ammonia  is  of  sufficient  accuracy  for 
clinical  purposes.  The  amount  of  ammonia  is  always  higher  by  thia 
method  than  by  the  more  accurate  methods  which  follow.  This  is 
due  to  the  fact  that  formalin  combines  with  amino  acids,  which  are 
normally  present  in  urine  in  minute  traces,  and  thus  renders  them 
acid  to  phenol  phthalein.  This  source  of  error  is  small,  unless  amino 
acids  are  present  in  excessive  amount,  as  in  cystinuria.  The  difference 
between  the  result  of  this  method  and  that  of  one  of  the  methods 
which  follow  afTorda  a  measure  of  the  amount  of  amino  acids  present 
in  the  urine. 

Eatimation  of  Ammonia.  FoUn's  Method.— AmmoDim  ii  libonted  from 
itl  islts  when  a  aolntioa  of  the  latter  It  made  alkaline  with  a  lolnble  ovbotiate, 
which,  nnlike  a  hydroxide,  doet  not  deuompoae  tba  other  nitroge&oui  bodies.  By 
babbling  a  last  current  of  air  through  auch  a  mixture  the  ammonia  1*  carried 
away  and  may  be  coll«vted  and  measured  by  paaiing  thia  air  through  itandan) 
acid.  Bxcen  of  aodintn  chloride  in  the  mixture  not  only  preaerrea  It  agaioat 
putrefaction,  but  encoura^ei  the  evolution  of  the  ammonia. 

The  technique  of  the  method  it  ta  follows :— 25  c.c.  orine  are  placed  In  a  largo 
teat  tube  a  (Fig.  247)  2^-3  cm.  diam.  and  20-30  cm.  long),  and  mixed  with  8-10 
gnna.  aodium  chloride  and  fi-10  ccm.  petroleum  (to  prevent  eiceaaJve  frothing), 
and  lastly  with  I  gm.  aodinm  carbooate.  The  t««l  tnbe  la  clcaed  by  an  india- 
rnbber  itopper  throDgh  whicb  paaa  two  tabes,  the  one  for  the  air  inlet  paaung  to 
the  bottom  of  the  teat  tube,  the  other  connecting  the  top  of  the  teat  tube  with  a 
wide  tube  (U  tube)  b  containing  a  Iwwely  packed  cotton-wool  ping  (to  calob  any 
particlei  of  fixed  alkali  whicb  might  be  ancked  over  with  the  air  current}. 
Thia  safety  tnbe  ii  connected  with  a  Mcond  tett  tnbe  e  (of  the  auna  alie  aa  the 
first)  containing  16  c.c.  .^7'*^  H^SO^^t-S  cc.  water,  the  tnbing  being  to  an«Dged 
that  tbe  air  bubblee  through  the  acid.     A  third  tube  or  bottle  d,  arranged  in  the 
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same  wmy  &■  the  leoond  uid  ooutAining  10 
wKter,  follow*  this,  otherwise  aU  the 
The  tubing  coDueoted  with  thi*  tube  goe* 


JV/10  acid  and  v 

would  not  be  oanght  by  the  Mid. 

Baneen'*  Mr-pump  c  attached  to  a 


s    iT'^FMr 


tap  /.  A  quick  itream  of  tit  (600-700  litraa  per  boar]  U  made  to  paia  through 
the  appamtna  for  1^  honra.  The  acid  in  the  two  bat  tett  tnbea  It  then  watbed 
into  an  Brlenmeyer  &aak  and  titrated  with  .V/10  aUiali.     For  titrating,  Folin 


Fia.  MS.— Shaflsr'i 

reoommenda  2  drop*  of  a  1  per  cent,  aolqtion  of  Alinrin  r«d  (for  3 

fluid),  the  titration  being  carried  on  till  a  pink  (not  a  violet)  oolonr  juat  appears. 

Thi*  indicator  give*  a  better  end-point  than  metbyl  orange. 

SbaAr'a  TaoDiun  diitillatioD  method  of  eatf  mating  ammonia  in  nrine  i*  u  accnnte 
•*  FoUn'a  and  nnch  more  rapid. 

3b 
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Plkoe  BO  o.e.  urinB  in  a  roDDd  bottom  (  litre  fluk  A  (Fig.  248),  kdd  SO  gnn. 
•odinm  chloride  to  prevent  deootDpodtiOD  and  SO  c.e.  methyl  altmhol  to  rednee 
the  boiling  point  of  the  miitan.  In  BmIi  B  place  SO  cc  or  leM  JV/IO  add  and 
in  C  10  C.C.  y/lO  acid,  dilated  in  both  cawi  with  a  Uttle  watw.  The  fla^a  niaf 
be  tilted  obliqoely,  and  should  be  large  enongh  to  prevent  loaa  of  add  by  apmyiiig 
during  the  violent  commotion  which  ia  let  Dp  by  the  rapid  paaraga  of  ateun.  If 
luch  loai  ahonld  oocnr,  the  add  may  be  reoovered  by  riniing  ont  the  flaak  D. 
When  the  apparatni  ii  ready,  1  grm.  of  dry  aodiom  carbonate  ia  »ddad  to  the 
liquid  in  the  flaak  A,  the  (topper  ii  rapidly  inaerted  and  tha  anction  atarted. 
The  pomp  will  qnlokly  rednee  the  preaeare  to  about  M  mm.,  and  the  Ijqnid  in  A, 
which  li  wanned  np  to  abont  40*  C.  in  a  water-bath,  will  begin  to  boil.  Tha 
temperatnre  of  the  bath  mmt  be  maintained  and  ahould  not  be  allowed  to  rise 
above  S0°  C.  for  fear  of  decompoaing  urea.  When  the  boiling  haa  oontiiiDed  for 
fifteen  minutes,  all  the  ammonia  will  have  been  given  off  and  the  oparation  ia 
•topped  by  ilowly  letting  in  air  by  the  stop-cook  a.  The  acid  in  B  aod  C  i* 
titrated,  after  a  few  drops  of  a  1  per  cent.  aolntioD  of  Aliisrin  red  have  been  added 
as  the  indicator. 


CHAPTER  XIX. 

THE  INORGANIC  ACID  RADICLES  OF  ORINE. 
URINARY  DEPOSITS. 

OUoride. 

Experiment  I.  Add  to  urine  a.  few  drops  of  nitric  acid,  and  then 
silver  nitrate  solution.  A  white  precipitate  of  silver  chloride  forms, 
which  is  soluble  in  ammonia.  The  nitnc  acid  prevents  the  precipitation 
of  other  silver  salts  such  as  phosphate. 

Estimation  of  Chloride.  Volhard's  Method. — The  chloride  is 
precipitated  by  the  addition  of  a  known  excess  of  silver  nitrate  in 
the  presence  of  nitric  acid,  and  the  excess  of  silver  nitrate  deter- 
mined by  titrating  a  known  part  of  the  filtered  solution  with 
potassium  sulphocyanide  solution,  which  precipitates  the  silver,  using 
ferric  alum  to  indicate  when  the  sulphocyanide  has  been  added  in 
alight  excess. 

Into    a    100    cc.    graduated    flash    measure   with    a    pipette    10 

CO.   urine   free   from   albumin.      Add   5  cc.   pure   nitric  acid  and 

N 
30  cc.  tt;  silver  nitrate  solution  (17  grm.  per  litre)  measured  with 

a  pipette.     Add  distilled  water  up  to  the   100  cc  mark  and  rinse 

thoroughly.     Filter  the  liquid  through  a  dry  chloride  free  filter  into 

a  dry  clean  beaker.     Measure  60  cc  of  the  filtrate  with  a  pipette 

into  an  evaporating  dish.     Add  10  to  20  cc.  10  per  cenL  ferric  alum 

N 
solution,  and   run   in   from  a  burette   t^j   potassium  sulphocyanide 
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solution  (9'73  grm.  per  litre),  until  on  stirring  the  liquid  ; 
a  permanent  slight  red  colour.  Take  the  reading  on  the  burette. 
Let  this  be  a  c.c.  Then  the  amount  of  chloride  ( -  CI.)  in  the  10  c.c. 
urine  employed  ia  equal  to  (30 -a)  0-00355  grm.  The  sulphocjanide 
solution  muflt  be  exactly  equivalent  to,  or  standardised  in  terms  of, 
the  silver  nitrate  solution. 

Phosphate. 

Experiment  II.  Boil  some  solution  of  ammonium  molybdate  in 
nitric  acid  in  a  test  tube,  and  add  drop  by  drop  boiling  urine  acidified 
with  nitric  acid.  A  yellow  precipitate  indicates  the  presence  of 
phosphnte 

Experiment  III,  Make  urine  alkaline  by  the  addition  of  ammonia. 
A  whit«  precipitate  of  calcium  and  magnesium  phosphate  forms. 
Filter  off  this  precipitat«  and  prove  that  it  contains  phosphate  by 
the  molybdate  test. 

Estimation  of  Phosphate. — Standard  uranium  nitrate  solution  is 
added  to  urine  iu  the  presence  of  sodium  acetate  and  acetic  acid 
until  all  the  phosphate  is  precipitated,  as  shown  by  the  presence  of 
slight  excess  of  uranium  in  the  solution.  Sodium  acetate  is  aflded 
80  as  to  prevent  the  liberation  of  nitric  acid,  in  which  uranium 
phosphate  is  soluble.  The  acetic  acid  ser^'es  to  prevent  the  pre- 
cipitation of  other  uranium  compounds  than  the  phosphate  and  to 
dissolve  any  calcium  phosphate  present. 

Place  50  c.c.  urine  in  a,  porcelain  basin.  Add  5  c.c.  of  a  solution 
containing  100  grm.  sodium  acetate  and  100  c.c.  glacial  acetic  per 
litre.  Heat  the  basin  and  run  in  from  a  burette  a  standard  solution 
of  uranium  nitrate,  until  a  drop  of  the  solution,  placed  on  a  small 
heap  of  powdered  potassium  ferrocyanide  ou  a  white  tile  gives  an 
immediate  brown  colour,  due  to  the  formation  of  uranium  ferro- 
cyanide. The  most  convenient  standard  solution  of  uranium  nitrate 
contains  35-5  grm.  per  litre.  I  c.c.  of  this  solution  is  equivalent  to 
0-OOD  grm.  phosphoric  acid  (fp^). 

Sulphates  and  Neutral  Solphnr. — There  are  two  varieties  of 
sulphates  in  the  urine,  each  of  which  has  a  special  significance  of  its 
own.     These  varieties  are  ; 

1.  Inorganic  sulphates  (sodium  sulphate,  potassium  sulphate,  etc.). 

2.  Ethereal  sulphates  (phenyl  sulphate  of  potassium)  SO„<^qq  j, 

(indoxyl  sulphate  of  potassium)  SO„<^qq  tt  w 
Under  ordinary  conditions  the  ethereal  sulphates  constitute  only 
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about  10  per  cent,  of  the  total  sulphate  excretion.      The   oeutnl 
sulphur  is  present  in  organic  compounds,  such  as  cystin. 

ExPEBiHKNT  IV.  Place  about  10  cc.  of  urine  in  a  test  tube  and 
dilute  with  water  to  about  20  c.c.  Add  about  3  co.  of  bydrochlwie 
acid  (1  part  HCl(conc)  +  i  parts  water),  and  then  drop  by  drop  about 
2  cc.  of  6  per  cent,  solution  of  barium  chloride.  A  vbtte  precipitate  ol 
barium  sulphate  forms,  due  to  the  presence  of  inorganic  sulphates. 
After  allowing  the  test  tube  to  stand  for  a  few  minutes,  filter  and  hoil 
the  clear  filtrate  with  a  few  drops  more  of  hydrochloric  add  and  barium 
chloride  solution.  There  is  another  precipitation  of  barium  sulphate 
due  to  ethereal  sulphates  which  have  been  decomposed  by  boiling  with 
hydrochloric  acid. 

QutEatUalivt  delermiriatum. — There   il    no  Tolametrio   method,   that   la   erea 
KpptoxiiDktely  »c<mr»t«,  ftvftilftble  for  thii  purpoae,  bo  that  It  la  neoeaaan'  that  k 
good  analytical  baluice  be  at  commaiiii.    For  accante  work  it  ia  farther  n 
that  great  ctue  be  cxerciaed  in  carrying  oat  the  proceaaea,  for  the  final  p 
are  otherwiae  apt  to  be  quite  impnre  and  the  eatlmation  inaccarate. 

The  following  proctMBa  have  been  worked  out  by  Folin,  and  the  diraotJoB* 
moat  be  implicitly  followed.  Protein  moat  be  removed  if  pieaent.  Tfaia  ia  beat 
done  by  boiling  the  nrina  acidiSed  with  acetic  acid  in  a  flaak,  oooliag  and 
Altering;. 

ExpnuHBKT  V.  Inoigaalc  Sulphates-— 2S  e.c  of  nrine  are  ililated  with  100 
e.o.  of  water  io  an  Erlenmeyer  flaak  (nf  250  c.c.  oapacity)  and  10  c.c^  of  dtlnta 
hydrochloric  acid  (1  part  HCt  (con.)  to  4  parte  water)  added.  A  buietta  ooatain- 
ing  a  5  per  cent,  aolutioa  oE  barium  chloride  ia  then  placed  over  the  month  of  Um 
flaak  and  10  c.c.  of  the  reagent  allowed  to  drop  into  the  contenta  of  the  flaak  at  a 
alow  rate  (not  quicker  than  5  c.c.  per  minute).'  The  flaak  mnat  not  ba  ahaken 
until  after  the  end  of  an  hour,'  when  it  ia  ahaken  and  the  precipitate  oolleotad  on 
an  aabeatoa  mat  in  a  Oooch  crucible,  wuthed  with  aboat  250  c.c.  oold  water,  dried 
and  ignited.  In  doing  thia,  the  flame  muat  not  lie  applied  directly  to  the  per- 
forated bottom  of  the  crucible,  but  the  crucible  moat  l>e  laid  on  a  crucible  lid  or 
apecially  fitting  platinum  bottom.  The  crucible  maat  alio  be  covet«d  with  a  lid 
dnring  the  ignition.     Ten  minntea'  ignition  ia  anfficient. 

ExpRBiMENT  VI.  Total  Sulphates  (biorganic  and  Ethsnal).— By  boiling 
the  urine  with  acid.  Dearly  all  of  the  ethereal  anlphatea  are  decompoaed.  2S  cc 
urine  are  mixed  with  20  c.c.  of  dilute  hydrochloric  acid  {I  :4)  in  an  Erlenm«yer 
flaak  of  abont  250  cc  capacity,  and,  after  covering  the  mouth  of  the  flaak  with  a 
watch-glaaa,  gently  boiled  for  20  to  30  minutea.  The  flaak  ia  then  cooled  in 
running  water,  ila  contenta  diluted  with  dlalilled  water  to  abont  160  cc  and 
10  cc  of  6  per  cent,  solution  of  barium  chloride  added,  and  the  further  procedure 
followed  aa  above  deacribed. 

BxpBKtHttM  VII.  Ethereal  Sulphates- —It  ia  auffidently  accurate  to  calon- 
late  thia  aa  the  difference  between  I.  and  II.    If  a  direct  eatimation  ia  deaired  aa  a 

■More  rapid  addition  of  the  rea|^t  cauae*  the  reanlti  to  be  too  hi^,  i.e, 
producea  an  impure  precipitate. 

■Shaking  the  solution  too  aoon  will  lower  the  reanlt,  because  the  precipitate 
will  Ices  iulphuric  acid  dnring  ignition. 
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oh«ck,  it  nwiy  be  nude  by  dilating  125  cc.  of  uriae  irith  76  ce.  wkter,  adding 
30  O.C.  dilate  hydrochloric  acid  (1  -.i)  uid  prceiplt^ting  the  iporgatiic  nilphfttM 
with  20  cc  of  0  per  cent,  •olution  of  bariDin  chloride,  u  above  dMcribsd.  After 
■tandiDg  for  one  hour  the  miitara  It  filtered  tfarongh  a  dry  filter  and  12S  o.e.  of 
the  olekr  filtrate,  oorreipoiidiiig  to  62'S  c.o.  original  urine,  boiled  for  not  len  than 
30  uinatei,  whereby  a  precipitate  of  idlpbate  forma  on  acooont  of  the  deoompoai- 
tion  of  the  ethereeJ  iulpbate*.  After  allowing  the  Milatioa  to  oool,  thiapreoipitate 
ia  ooUeoted  on  a  Oooch  crucible,  washed,  ij(tiil«d,  and  weighed. 

ESFKUIKBNT  VIII.  Total  Snlphtlt.— 26  CO.  urine  (or  50  cc.  if  very  dilute) 
ia  mixed  in  a  large  nickel  crucible  (of  200  to  250  O.C.  c»p«eity)  witb  3  grama  of 
■odinm  peroxide.  The  crucible  i«  then  carefully  heated  nntil  iti  oontenta  aolfdify 
(about  ISminntea),  after  which  itia  CMiled,  thefnaed  maea  m^tened  with  1-2  0.0. 
of  water  about  7  gmia.  of  Kxlium  peroxide  aprinltled  over  it,  and  again  heated  to 
oanae  ita  oontenta  to  beoome  completely  fuied ;  the  maaa  ia  kept  fused  (or  ten 
minutea,  then  allowed  to  partially  cool,  100  cc  water  added  and  the  eootent* 
bailed  for  half  an  hour.  This  disaolvea  the  alkali  and  deeompoaea  all  the  aodium 
peroxide.  The  oontenta  of  the  crucible  are  transferred  to  an  Erlenmeyer  flaak 
(400—160  cc  capacity)  and  the  crucible  washed  into  the  flaak  with  hot  wato-, 
the  volome  of  the  resulting  solntion  made  up  to  about  260  cc,  and  then  brought 
almost  to  the  boil ;  ooocentrated  hydrochloric  acid  la  now  alowly  added  until  the 
nickelio  oiMe  jnat  disaolvea  (about  IB  cc)  and  the  miztura  ia  btriled  until  it 
bocomea  clear.  (If  it  doea  not  become  clear  by  thia  treatment,  it  mnat  be  oooled 
and  filtered.)  6  cc.  ot  dilute  alcohol  (1  :  4  )  is  then  addeil  and  the  boiling 
continued  for  a  few  minutes,  so  ss  to  remove  traces  of  chlorine 

The  solution  ia  now  ready  for  precipitation  of  the  sulphatea,  into  which,  by  the 
above  procedure,  all  the  sulphur  has  been  converted.  To  do  this  10  cc.  of  10 
per  cent,  solntion  of  barium  ohloride  is  added  drop  by  drop,  as  above  deaoribed, 
and  the  mixture  allowed  to  stand  for  tico  (fay*,'  after  which  the  precipitate  la 
ooUected  and  weighed  aa  above  deacribed. 

ExpxKlHBHr  IX.  Nentnl  Snlphnr.— Thia  ia  obtsJned  by  aubtraoting  the 
total  snlphates  (No.  2)  from  the  total  sulphur. 

It  will  be  aeen  that  at  leaat  three  aepvnte  estimationa  muat  be  carried  through 
to  obtain  all  the  desired  data— (1)  inorganic  anlpbates,  (2)  total  aulphatea,  and  (S) 
total  sulphur.  The  ethereal  anlphatea  and  the  neutral  anlphur  can  be  calculated 
by  difference. 

These  valnea  can  be  oalenlated  aa  S  or  80,  aocording  to  tba  following  ratios  :— 

BaSOt:S  =  l-.  01374  ;Ba80,:S0,=  1:0-3429. 
Metabolism. — One  of  the  regulta  of  Folin's  investigationB  oi) 
metAbolism  has  been  to  show  tbe  signiScance  of  determioadoiu  of 
Bulph&t«H  in  the  urine.  The  total  sulphur  in  tbe  urine  ia,  like  the 
nitrogen,  distributed  among  several  substancea,  which  are  divided  into 
three  groups— the  inorganic  sulphates,  the  ethereal  sulphates,  and  the 
neutral  sulphur  compounds.  The  inorganic  sulphates  are  mainly  those 
of  sodium ;  the  ethereal  sulphates  are  compounds  of  phenol,  cresol 
skatoxyl,  and  indoxyl,  witb  sulphuric  acid  and  potassium  (see  p.  435), 
and  the  neutral  sulphur  compounds  are  organic  compounds  in  which 
>  It  takea  thia  length  of  time  to  ensure  oomplete  precipitation. 
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the  sulphur  is  m  int^fra]  part  of  the  molecule.  Cyatin,  when  present^ 
belongs  to  this  group.  When  the  relative  amouDta  of  SO,  excreted 
in  the  above-mentioned  three  forms  are  calculated  as  peroentagea  of  the 
total  SO,  excretion,  it  is  found  that  the  inorganic  aulphat«s  on  a  ^otein 
poor  diet  behave  like  urea-nitrogen,  i.e.  become  leaa  both  in  abeolute 
amount  and  in  relative  percentage ;  that  the  neutnd  sulphur  under  the 
same  conditions  behaves  like  creatinin-nitrogen,  i.e.  remaina  constant 
in  absolute  amount,  whereas  the  percentage  rises  and  that  the  ethereal 
sulphate  excretion  behaves  Uke  that  of  ammonia-nitrogen,  i.e,  becomes 
somewhat  less  in  absolute  amount,  but  that  the  percentage  riees. 

These  facta  are  clearly  shown  in  the  following  table,  which  is  an 
extension  of  that  on  page  415. 

N-rlch  dl<L  M.poor  dirt. 

Volumeof  urine,     1170  o.o.  385  o-o. 

Total  nitrogen,       -     16'8  gnn.  3-60  gnu. 

Total  SO,,  3-64  gnn.  076  gnn. 

Inorganic  SO,,  3-27  grm.  =90-0%  of  total  S.     0-46  gnn.  =60-fi%  of  total  8. 

Ethereal  SO,.  019gnn.=  5-2%         „  010  gnn.  =  13-2% 

NeutralSO,,  018gnn.=  4-8%         „  0-20  gnn.  =26-3%  „ 

The  ethereal  sulphates  cannot,  as  has  been  supposed,  derive  their 
source  entirely  from  the  aromatic  bodies  formed  in  the  intestine  by 
micro-organismal  growth.  When  this  is  excessive,  or  when  there  is 
obstruction  in  the  amall  intestine  so  that  an  excessive  amount  of  these 
aromatic  bodies  is  absorbed,  an  increase  no  doubt  occurs  in  the  ethereal 
sulphate  excretion,  but  this  increase  can  be  no  reliable  index  of  intes- 
tinal putrefaction,  since  the  relative  ethereal  sulphate  excretion  becomes 
greater  when  the  diet  contains  little  or  no  protein.  Practically  the 
only  source  of  sulphur  intake  by  the  food  is  in  proteins.  Sulphates  are 
not  taken  unless  for  medicinal  purposes,  because  of  their  disagreeable 
taste.  The  sulphur  excretion  by  the  urine  is  therefore  a  measure  of 
protein  katabolism  in  the  organism. 

URINARY  DEPOSITS 
Normal  urine  is  quite  clear  when  it  is  passed,  but,  on  standing  some 
time,  a  sediment  usually  separates  out,  and  this  varies  somewhat  under 
diSerent  conditions. 
Acid  Urine /roffni  Keallky  penon,  may  deposit  the  folloioing: — 
1.  Urates  (see  p.  424). — The  sediment  has  a  chalky  appearance  and  ia 
usually  tinged  reddish  by  uroerythrin.     It  disappears  on  warming  the 
urine.    Examined  microscopically,  it  is  generally  amorphous,  but  may- 
show  a  crystalline  structure,  usually  as  needles,  or  as  balls  with  spines 
projecting  from  them  (Fig.  349).     It  is  composed  mainly  of  sodium 
urate. 
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■2.  Uric  Acid.^Thia  may  be  split  off  from  the  urates  aa  deacribed  on 
p.  424.  It  appears  as  a  cayenne  pepper-like  sediment,  and  has  a  definite 
crystalline  appearance  under  tho  microscope  (Fig.  245).  Tbe  eiyslala 
may  vary  much  in  shape,  but  are  always  large  and  tinged  a  reddish 
colour.  The  most  usual  shapes  for  the  crystals  to  assume  are  "  sheaves," 
"whetstones,"  "rhombic  tables,"  and  sometimes  "dumb-bolls,"  Tbe 
presence  of  the  crystals  does    not  necessarily  indicate  an  increased 


excretion  of  uric  acid,  but  depends  on  the  concentration  and  acidity 
of  the  urine. 

3.  Calcium  Oxalate. — This  is  usually  a  scanty  deposit,  adhering  to 
irregularities  on  the  surface  of  the  glass  of  the  urine  jar,  or  forming 
a  glistening  layer  on  the  top  of  tbe  mucous  deposit  that  settles  at  the 
bottom. 

The  crystals  are  insoluble  in  acetic  acid.  This  reaction  distinguishes 
them  from  phosphates  or  carbonates.  They  are  also  insoluble  in 
ammonia,  and  are  thus  distinguished  from  urates. 
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Microscopically  they  are  seen  to  be  very  small  octahedra,  often 
flattened  along  one  axis,  bo  that  they  appear  like  Bquares  with  diagonal 
lines  (hence  called  "envelope"  crystals,  Fig.  253). 

Add  urine  from  apa's&n  suffering  from  disease,  or  during  the  adininistm- 
linn  of  certain  drugs,  may  deposit ; — 

1.  Cystm.^This  forms  a  deposit  somewhat  like  that  of  nratea  in 
appearance. 


.  J53.— atulLir  ptiDit)b( 


Microscopically,  however,  it  shows  a  distinct  crystalline  structure 
conBiHting  of  hexagonal  colourless  plates  or  slabs  (Fig.  250).  When  the 
crystals  are  present  the  condition  is  called  cyatinuria  (sec  p.  438). 

2.  Lencin  and  Tyroain.— Though  very  rarely,  these  two  bodies 
sometimes  occur  in  urine  {e.g.  in  severe  hepatic  disease),  where  their 
appearance  is  similar  to  that  in  a  [lancroalic  digest  (see  Fig.  236). 

3.  Hippuric  Acid. — This  may  appear  in  urine  during  the  adminiatra- 
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tion  of  benzoic  acid.     It  cryetallises  ta  four-aided  prigme.     It  is  quit« 
common  in  the  urine  of  herbivora. 

In  Alkaline  Urine  the  follawing  may  ocear ; — 

1.  niosph&tee. — Of  these  there  are  two  lands,  viz.  phosphate  of 
calcium  and  ammonium-magnesium  phosphate. 

(a)  Phosphate  of  .Calcium. ^Tfae  sediment  is  chalky  and  never 
pigmented ;  it  cleare  up  on  adding  a  few  drops  of  nitric  acid ;  it  it 
increased  by  boiling.  Microscopically  it  is  usually  amorphous,  bnt 
may  exist  as  long  prismatic  crystals  arranged  in  star-shaped  clusters, 
hence  called  Stdlar  Phosphates  (Fig.  253).  The  ciystalline  form  may  also 
occur  in  &iutly  acid  urines. 

{b)  Ammonium-magneBium  Phosphate,  Triple  Phosphate. — When 
urine  gets  stale  and  ammonia  develops  in  it,  a  white  sediment  and 
a  white  surface  film  form.  Under  the  microscope  these  are  seen  to  be 
made  np  of  large  clear  crystals  like  "hnife  rests,"  or,  if  excess  of 
ammonia  be  present,  they  may  look  like  "feathery  ttan."  This  latter 
type  can  be  easily  obtained  by  adding  ammonia  to  normal  urine 
(Fig.  264). 

2.  Urate  of  Ammonia. — This  looks  like  the  urate  of  soda  crystals, 
but  is  associated  with  crystals  of  phosphates,  and  occurs  in  an  alkaline 
urine. 

3.  Oaibonates. — In  the  urine  of  vegetarians  these  are  not  uncommon. 
The  urine  effervesces  on  adding  acetic  acid.  Microscopically  the  sedi- 
ment is  usually  amorphous,  but  may  exist  as  biscuit-shaped  crystals  or 
as  dumb-bells  (Fig.  251). 


CHAPTER  XX. 
PATHOLOGICAL  DRINE. 

I.  Proteins  in  the  Urine— Albuminuria.— Traces  of  mucin  or  nucleo- 
prolein  may  b«  added  to  the  urine  in  its  passage  along  the  urinaiy 
tract,  but  otherwise  healthy  urine  does  not  contain  any  protein.  When 
the  kidneys  or  urinary  passages  are  diseased,  however,  a  certain  amount 
of  the  plasma  proteins  leak  into  the  urine,  where  they  can  he  recog- 
nised by  certain  tests,  the  condition  being  called  Albuminvria. 

Also  when  proteins  other  than  serum  albumin  and  globulin  gain 
access  to  the  blood,  they  are  at  once  excreted  in  the  urine.  It  is  on 
this  account  that  albuminuria  results  after  the  consumption  of  a  large 
number  of  raw  eggs  (egg  flip),  because  the  intestinal  epithelium  allows 
a  certaiu  amount  of  the  unchanged  albumin  to  pass  into  the  blood. 
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where  it  is  foreign  (in  being  egg-  and  not  serum  albumin),  and  is  con- 
sequently immediately  excreted  by  the  kidneys.  In  disease  of  the  red- 
bone  marrow,  a  body  somewhat  similar  in  its  reactions  to  a  proteose  is 
added  to  the  blood  and  is  excreted  by  the  urine  {Bence  Jones'  proteose- 
una). 

Although  globulin  may  occur  along  with  albumin  in  the  urine,  or 
even  in  some  cases  independent  of  it,  it  is  of  no  practical  importance  to 
distinguish  between  them,  so  that  the  teste  about  to  be  described 
include  both  bodies. 

The.  tests  employed  depend  on  certain  of  the  reactions  described  under 
proteins.  It  is  obvious  that  tho  colour  reactions  will  not  be  applicable 
to  the  urine;  those  employed  depend  on  the  production  of  coagala. 
The  most  important  of  these  are  ; — 

1.  Heat  Coagulation,— Experiment  I.  Place  some  dear  urine  in  a 
test  lube,  and  boil.  A  white  turbidity  or  coagulum  indicates  the 
presence  of  either  albumin  or  phosphates  (earthy  phosphates  are  pre- 
cipitated by  boiling).  To  the  boiling  solution,  whether  it  show  a 
turbidity  or  not,  add  3-4  drops  of  concentrated  nitric  acid.  If  duo  to 
phosphates,  the  turbidity  will  disappear,  but  will  remain  if  due  tn 
protein.  In  nitric  and  any  acid-  or  alkali-albumin  which  the  urina 
may  contain  is  insoluble.  Where  there  is  doubt  as  to  the  occurrencs 
of  a  haze,  the  test  tube  should  be  about  three  quarters  filled,  and  only 
the  upper  layer  should  be  lioiled,  the  test  tnbe  being  meanwhile  held 
low  down.  By  holding  it  against  a  dark  background  the  slightest 
haze  becomes  very  evident  by  this  method,  on  account  of  contrast  with 
the  unboiled  layer  beneath. 

2.  Heller's  Test. — Experiment  II.  Place  some  clear  urine  in  a  teat 
tube.  Hold  the  test  tube  in  a  slanting  jmsition,  and  allow  concentrated 
pure  nitric  acid  to  run  ray  slowli/  down  the  side,  so  that  it  forms  a 
layer  underneath  the  urine.  Where  the  two  meet,  a  sharp  white  ring 
(of  coagulated  acid  albumin)  is  formed.  The  test  may  also  be  done  by 
placing  the  nitric  acid  first  in  the  test  tube,  and  covering  this  with  the 
urine  slowly  delivered  from  a  pipette.  The  ring  does  not  disappear  on 
warming.  A  similar  ring  may  be  obtained  when  proteoses  are  present,, 
but  in  this  ease  the  ring  clears  up  on  gently  warming  the  test  tube,, 
and  reappears  on  cooling.  In  warming,  very  great  care  must  be  taken 
that  no  mixing  of  the  two  layers  occurs.  When  mucin  is  present  in 
excess  a  diffuse  liaze  may  be  produced  in  the  portion  of  urine  next  the 
acid.  Certain  resin  acids  which  may  appear  in  the  urine  after  the- 
administration  of  such  drugs  as  copaiba  also  give  a  haze  by  Heller's. 
test,  Also  when  the  urine  is  very  concentrated,  acid  urates  or  urea 
nitrate  crystals  may  develop  and  simulate  the  reaction.    In  these  cases,. 
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the  urine  abould  be  diluted  with  two  or  three  times  its  bulk  of  water, 
and  the  teat  reapplied,  when  very  little  doubt  will  remain  as  to  the 
reaction. 

3.  Balicyl'Bnlphonle  Add  Test — This  is  perhaps  the  moat  delicate 
of  all  the  tests. 

EzPiaiHENT  III.  Add  to  about  10  c-c.  of  urine  a  drop  or  two  of  a 
saturated  solntion  of  pure  salicyl^aulphonio  acid.  A  white  precipitate 
result*,  which  on  boiling  changes  into  a  number  of  coagula. 

This  reaction  occurs  in  a  dilution  of  1-230,000  albumin.  The  only 
other  body  with  which  this  reagent  produces  a  precipitate  ii  proteose, 
in  which  case,  however,  the  precipitate  disappears  on  wanning. 

The  reagent,  if  pure,  keeps  indeSnitely.  If  impure,  however,  it  turns 
red  on  keeping.  It  baa  the  great  advantage  over  nitric  acid  in  being 
non-corrosive,  and  therefore  easily  carried  about  (MacWilliam). 

There  are  numerous  other  testa,  but  their  application  is  superfluous 
if  the  above  be  properly  applied. 

Proteoses  are  detected  by  the  precipitatea  produced  by  nitric  and 
aalicyl-eulphonic  acids  clearing  up  on  heating  the  urine,  and  returning 
when  it  is  cooled.  The  so-called  "  proteose  "  in  Bence 
Jones'  proteosuria  is  coagulated  by  moderate  heat, 
but  redissolves  on  boiling  the  urine.  Proteose  can 
best  be  separated  from  albumin  by  adding  salioyl- 
sulphonic  acid,  boiling  and  filtering.  The  coaguUted 
albumin  remains  on  the  filter  paper,  and  the  pro- 
teose is  gradually  precipitated  in  the  filtrate  as  it 

QuaatitatiTe  Estimation  of  Albumin. — For  clinical 
purposes  this  is  done  by  means  of  EsbacA's  albttmino- 
meter  (Fig.  265).  The  determination  is  made  by  mea- 
suring the  depth  of  the  coagulum  produced  by  adding 
to  the  urine  Esbach's  reagent  (a  mixture  of  10  grms. 
picric  acid  and  20  grms.  citric  acid  in  1000  cc.  dis- 
tilled water). 

KxPEKiMiiSiT  IV.  Place  clear  urine,  filtered  if 
necessary,  in  an  Esbach's  tube  up  to  the  mark  U. 
If  the  reaction  be  alkaline,  render  slightly  acid  by 
the  addition  of  acetic  add ;  and  if  the  specific  gravity 
be  above  1006  dilute  it  with  water  till  this  density,  or  something  below 
it,  is  obtained.'  Now  add  the  reagent  up  to  the  mark  R  Close  the 
tube  with  a  tightly-fitting  cork  and  invert  several  times,  so  as  to  mix 
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the  fluids  thoroughly.  Allow  to  etand  in  an  upright  position  for  twenty- 
four  hours,  and  then  read  off  the  graduation  corresponding  to  the  top 
of  tho  precipitate.  This  gives  the  number  of  grammes  of  dried  albumin 
per  litre  of  urine  used.  If  the  urine  has  been  diluted  the  necessary 
calculation  must  be  made  in  order  to  obtain  the  percentage  in  the 
original  urine. 

For  more  accurate  eatimntion  of  albumin,  Scherer's  method  u  employed. 

Advanced  Expebiment.  Place  50-100  c.c.  urine  (acconling  to  amount  of 
albumin  in  it)  in  a.  large-sized  evaporating  itisii,  and,  while  stirring,  bring  to  the 
boil.  Carefully  add  a  few  dropa  of  dilute  acotia  acid,  and  allow  the  ooagulum  to 
settle  down.  If  the  EupernataDt  fluid  ia  opaleacent,  add  a  little  more  acetic  acid, 
and  bring  again  to  the  boil.  (It  is  very  important  to  use  as  little  acetic  acid  aa 
possible,  so  that  acid  albumin  may  not  be  formed.)  The  caagulum  mast  then 
be  collecte<l  oq  a  small  nah-free  Alter  paper  which  has  been  dried  between 
watch-glasses  at  120°  C.  After  being  collected  on  the  Rlter,  wash  the  coagalnm 
with  boiling  water,  followed  by  alcohol  and  ether,  and  dry  it  at  130°  C.  until  the 
weight  is  coDstant.  Since  the  coagulum  contains  conaiderable  ash,  the  Glter  and 
congulum  must  now  be  traniiferred  t«  a  weighed  crucible,  incinerated,  and  tht^ 
weight  of  ash  deducted  from  the  weight  of  dried  coagulum. 

Mucus,  Pns,  and  Casts  in  Urise. — When  the  kidneys  or  urinary 
passages  are  diseased,  besides  protein  there  may  be  a  considerable 
deposit  of  raucuH  in  the  urine.  This  body  has  the  general  properties 
and  solubilities  of  mucin  (see  p.  308),  but  may  consist  largely  of  nucleo- 
protein.  Casts  also  occur  in  the  deposit  from  the  urine.  When  these 
come  from  the  urinary  [lassages,  they  consist  of  groups  of  flattened 
epithelial  cells.  When  they  come  from  the  kidney  tubules,  they  are 
tubular  and  consist  of  polyhedral  cells,  showing  various  stages  of 
degeneration.  When  the  kidneys  or  urinary  passages  are  infected  by 
micro-organisms,  pus  cells  occur  in  the  urine  and  form  a  deposit. 
Strong  potash  dissolves  the  pus,  forming  a  viscid  solution.  Pus  also 
gives  a  guiac  test  as  for  blood,  but  much  more  slowly  and  not  after 
boiling,  which  destroys  the  oxidases  to  which  the  test  is  due.  Tho 
only  certain  test  for  pus,  however,  is  to  examine  the  urine  or  deposit 
with  the  microscope.  The  pus  cells  appear  as  colourless,  spherical, 
highly  refractive  gramdar  bodies,  about  9  /i  in  diameter,  the  nuclei  of 
which  can  l>e  stained  by  adding  dilute  methylene  blue.  The  urine  ia 
usually  acid  when  the  pus  comes  from  the  kidney,  and  alkaline  when 
the  pus  comes  from  the  bladder,  due  to  tho  decomposition  of  urea  and 
ammonium  carbonate. 

Haemoglobin  in  Urine. — This  may  be  due  to  bleeding  from  the 
kidneys  or  urinary  passages,  when  it  is  called  liatinatuiia,  or  to  excre- 
tion of  haemoglobin  or  met  haemoglobin  from  tho  blood  plasma  by  tho 
kidneys,  called  respectively  Iiaewoffhlnniiria  and  melhaemoijlobiniiria. 
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In  any  eaae  the  testa  for  haemoglobin  can  be  applied.  The  giiiac 
teat,  which  ie  very  sensitive,  should  be  applied  after  Wiling  the  urine 
to  destroy  oxidaaea.  The  apectroHCOpic  examination  is  also  very  sensi- 
tive when  an  adequate  depth  of  urine  is  employed  (see  p.  344). 

Haemattiria  is  distinguished  by  the  smoky  appearance  of  the  urine 
and  by  examination  of  the  urine,  or  deposit  on  centrifugal] sing,  when 
red  blood  corpuscles  are  seen.  The  spectroscope  nearly  always  shows 
the  presence  of  oxy haemoglobin.  Blood  from  the  kidney  is  mixed 
with  the  urine.  That  from  the  bladder  is  often  present  as  a  clot.  If 
the  red  corpuscles  have  disintegrated,  the  urine  will  present  the  appear- 
ance of  haemoglobin  una.  If  the  urine  is  stale,  methaemoglobin  may 
be  present. 

In  HaemoKlobinuria  and  Methaemoglobiniuia  red  blood  corpuscles 
are  not  seen,  and  the  urine  is  clear,  not  smoky.  The  two  conditions 
are  distinguished  by  the  colour  of  the  urine  and  by  the  spectroscope. 

Experiment  V,    Test  the  urine  supplied  for  blood  and  haemoglobin. 

Bile  in  Tlrine. — When  the  bile  duct  is  blocked  by  a  calculus,  or  its 
mucous  membrane  is  swollen  from  catarrh,  the  bite,  which  accumulates 
in  the  bile  channels,  is  reabsorbed  into  the  blood-vessels  and  carried  to 
the  tissues,  which  become  stained  with  bile  pigment.  Under  these  con- 
ditions the  urine  contains  bile  constituents,  the  most  easily  recognised 
of  which  are  the  bile  pigments. 

ExpEEiMKNT  VI.  Apply  Gmelin's  test  (see  p.  400)  to  the  urine  of  a 
jaundiced  patient.  'Where  only  a  small  quantity  of  bile  pigment  is 
present  it  is  better  to  concentrate  the  pigment  by  proceeding  as 
follows : — Add  calcium  clilonde  solution  to  the  urine,  and  then  sodium 
carbonate  solution,  so  as  to  form  a  precipitate  of  calcium  carbonate  and 
phosphate,  which  carries  down  the  pigment ;  filter  off  the  precipiUite 
and  dissolve  it  in  as  small  a  volume  of  hot  dilute  hydrochloric  acid  as 
possible  ;  apply  Gmelin's  test  to  this  solution. 

Also  apply  Matthew  Hay's  sulphur  test  for  bile  salts  (see  p.  398). 

II.  Sugars  in  the  Urine. — In  the  iliseasf  known  as  diabetes  mellitus, 
the  most  important  symptom  is  the  presence  of  dextrose  (or  glucose)  in 
the  lU'ine,  or,  in  other  words,  glycoBOiia.  This  condition  can  also  be 
produced  erpenmenlalUj :  (1)  By pvnclwf  of  thejloor  ofthefoarih  reniride. 
The  cause  of  the  glycosuria  in  this  condition  is  an  excessive  conver- 
sion of  glycogen  to  glucose  in  the  liver,  whereby  the  percentage  of 
dextrose  in  the  blood  rises  above  the  normal,  the  excess  being  excreted 
by  the  kidneys.  The  glycosuria  ceases  when  all  the  liver  glycogen  has 
been  used  up,  and  it  cannot  be  produced  by  a  similar  experiment  in 
animals  which  have  been  previously  starved  to  remove  the  glycogen 
from  the  liver. 
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(2)  By  exiirjiaiion  of  the  Panertat. — If  the  whole  of  the  psacrsM  be 
removed  in  dogs,  glycosuria  is  at  once  eetablished,  and  the  blood  will 
be  foand  to  contain  an  excew  of  dextroee.  So  br,  then,  the  cauae  ot 
the  glycosuria  is  the  ume  as  in  the  previous  condition,  viz,  an  exoMs 
of  sugar  in  the  blood.  If,  after  the  condition  has  existed  sevwal  days, 
the  liver  be  examined  it  will  be  found  to  be  gIycogen-&ee,  but,  unlike 
the  previous  condition,  the  glycosuria  still  cootinues,  and  in  a  few  days 
it  will  be  noticed  that  the  animal  has  become  markedly  emaciiited. 
The  cause  of  the  emaciation  is  that  the  protein  tissues  are  undergoing 
dissolution.  That  such  is  actually  the  case  is  proved  by  a  determination 
of  the  nitrogenouB  excretion,  which  will  be  found  to  be  enormoosly 
increased  in  amount.     In  the  course  of  a  few  weeks  the  animal  dies  of 

.emaciation. 

These  results  show  us  that  the  pancreas  must  possess,  besides  ita 
digestive  function,  some  controlling  influence  on  the  metaboliam  of 
carbohydrates. 

(3)  The  adminiatralion  of  eertam  dmgt,  mart  eapeaally  of  PUaridsvn, — 
The  administration  of  this  drug  is  immediately  followed  by  glycosuria, 
which,  however,  ceases  after  a  few  hours.  If  the  liver  be  examined  at 
this  stage  it  will  be  found  that  a  large  proportion  of  its  glycogen  has 
disappeared.  If  a  second  dose  be  administered  the  glycosuria  will 
reappear,  and  will  persist  so  long  as  the  drug  is  administered,  and  even 
after  all  glycogen  has  been  used  up.  After  some  time,  however,  the 
animal  becomes  very  emaciated,  this  being  accompanied  by  an  excessive 
excretion  of  nitrogen. 

ihe  percentage  of  sugar  in  the  blood  is  normal,  or  even  sub-norntal. 
On  this  account,  it  is  supposed  that  phloridzin  produces  glycosuria  by 
disturbing  the  controlling  mechanism  of  the  kidney,  whereby  the  latter 
allows  too  much  dextrose  to  escape  into  the  urine,  in  coosequence  of 
which  the  percenUge  tends  to  become  sub-normal  in  the  blood. 
Increased  demands  are  therefore  made  on  the  stored-up  glycogen, 
which  at  last  becomes  used  up,  and  then  the  supply  has  to  be 
furnished  by  the  proteins,  and  these  break  down. 

In  both  p:increatic  and  phloridzin  diabetes,  therefore,  protein  is  an 
important  source  of  the  excess  of  dextrose.  It  has  been  concloeively 
shown  now  that  it  is  from  the  amino  acids,  etc.,  that  some  of  the 
dextrose  is  derived.^ 

The  other  sugars  which  the   urine  may  contain  are  lactoae  and 

pentose.     The  former  of  these  is  sometimes  found  in  the  urine  of 

nursing   mothers,  and   the   latter   appears   in    the   urine   whenever 

pentoses  (Wood  Sugars,  p.  394)  are  given  in  the  food. 

'  The  coDveraioD  of  f»I  into  glncoM  is  also  poaidble. 
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Testa  for  Dextrose  in  tlie  Urine, 
described,  can,  with  slight  modiRcatioi 
in  urine. 

The  most  important  of  these  are : — 

ExPERiMBNT  VII.  Fehling's  Teat.— Boil  5  c.c.  of  Fehling's  solution 
in  order  to  ascertain  that  the  Rochelle  salt  which  it  contains  has  not 
decomposed  into  reducing  bodies.  If  no  reduction  occur,  odd  a  drop 
of  the  suspected  urine  and  boil  again.  If  no  result,  go  on  adding 
small  fiuantities,  boiling  between  each  addition,  till  5  c.e.  have  been 
added, 

Fehling's  test  is  quite  satisfactory,  when  sugar  is  present  in 
considerable  quantity.  When  the  amount  of  reduction  is  small, 
however,  it  may  be  due  to  the  presence  of  other  substances  than 
sugar.  In  such  cases  the  following  testa  should  be  applied,  as  they 
are  positive  for  sugars  only. 

ExpERiMfJhT  VIII.  Boettger'B  Teat.— To  10  c.c.  urine  add  I  c.c. 
Nylander's  reagent.'  Heat  for  five  minutes  on  the  water  bath.  If 
sugar  is  present  to  the  extent  of  at  least  0-08  per  cent.,  a  block 
precipitate  of  bismuth  forms. 

Experiment. -Worm  Muller  Tast.*— In  one  test  tube  mix  I  cc. 
copper  solution  and  25  c.c.  alkaline  Kochelle  salt  solution.  Place 
2'5  cc.  urine  in  another  test  tube.  Bring  the  contents  of  both  test 
tubes  simultaneously  to  the  boil.  After  allowing  to  cool  for  25-30 
see.  pour  the  blue  reagent  into  the  urine  and  without  shaking  place 
the  test  tube  on  the  rack.  In  the  presence  of  a  pathological  amount 
of  dextrose,  a  finely  suspended  yellow  precipitate  will  develop  within 
10  minutes.  If  the  solution  should  turn  red  but  no  precipitate  develop 
the  result  is  negative ;  in  such  a  case  repeat  the  test,  using  3  c.c.  of 
copper  solution. 

Though  not  so  delicate,  the  following  tests  are  valuable,  in  that 
they  indicate  the  nature  of  the  sugar  :~- 

1.  The  Fermentation  Teat— Experimknt  IX.  Place  some  diabetic 
urine  in  a  small  beaker,  and  boil  it  on  a  sand  bath  for  ten  minutes, 
to  expel  any  air  it  may  contain.  Cool  the  urine  and  test  its  reaction ; 
if  alkaline,  render  faintly  acid  with  a  weak  solution  of  tartaric  acid. 
(This  precaution  is  necessary  in  onler  to  prevent  putrefaction,  which 
would  lead  to  the  evolution  of  ammonia.)     Add  a  small  piece  (about 

'  Nylander's  «olution  ;  diiiaolvB  4  firm.  Rochelle  salt  in  100  grm.  uf  ; 
aoda  solution  of  1'13  ap.  gr.  :  odd  2  grm.  Bianinth  Ruhaitrate  and  lieat 
batli  until  it  is  dissulved. 

'Womi  Milller  Bolutioiis :  1,  2*5%  solution  of  copper  sulpiiate  {  2,  Diaaolve 
10  grm.  of  Rochelle  salt  in  100  c.c.  of  n  4  %  aolutioo  uC 
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the  aie  of  &  split  pea)  of  G«rniat)  yout,  and  stir  it  in  the  urina 
until  a  milky  solution  is  obtaiaed.  Now  transfer  the  fluid  to  s 
DoremuB  ureometer  (Fig.  214)  so  that  the  upright  limb  is  completely 
filled  with  fluid.  Plaoe  this  in  an  incubator,  or  in  a  warm  place,  ■( 
on  the  mantelpiece,  over  night  when  it  will  be  found  that  gas- 
carbon  dioxide — has  collected  in  the  upper  portion  of  the  vertical  limb. 

Two  control  tubes — one  with  a  weak  solution  of  dextrose  and  yeut, 
the  other  with  normal  urine  and  yeast — should  be  arranged  so  as  to 
prevent  any  fallacy  due  to  inactive  or  impure  yeast. 

Instead  of  using  a  Doremus  ureometer  a  test  tube  inverted  in  > 
trough  of  mercury  may  be  employed. 

I.acto8e  and  pentose  do  not  give  a  pi^itive  result  by  this  teat. 

2.  The  Phenyl  Hjrdrasine  Test — The  method  of  employing  this 
is  described  on  p.  275.  The  obtuning  of  characteristic  dextroaoione 
crystals  is  positive  evidence  of  the  presence  of  dextrose;  glycurontc 
acid  (p.  464)  also  gives  crystals,  but  leas  readily. 

Estimation  of  Dextrose  in  Urine. — The  polarimeter  (see  p.  282) 
may  be  employed  for  the  estimation  of  dextrose  in  urine.  The  main 
objection  to  its  use  is  that  other  optically  active  bodies  besides 
dextrose,  e.ff.  glycuronic  acid  and  oxybutyric  acid,  which  are  laevo- 
rotatory,  occur  in  diabetic  urine,  and  therefore  to  a  certain  extent 
vitiate  the  result.  The  other  method  is  to  determine  the  reducing 
power  of  the  urine.  For  clinical  purposes  the  methods  of  Pehling, 
Gerrard,  and  Pavy  are  employed.  In  FeblJng's  method  the  amount 
of  urine  necessary  to  decolourise  a  measured  quantity  of  standard 
Fehling's  solution  is  determined.  It  is,  however,  diSicult  to  observe 
when  the  blue  colour  of  the  Fehling's  solution  has  disappeared  owing 
to  the  precipitation  of  red  cuprous  oxide.  To  obviate  this  difficulty 
Gerrard  prevents  the  precipitation  of  cuprous  oxide  by  the  addition 
of  potassium  cyanide.  The  solution  when  reduced  baa  a  light  yellow 
tint,  so  that  the  end-point  is  a  little  troublesome,  but  for  the  use 
of  students  this  is  probably  the  best  method.  In  Pavy'a  method 
ammonia  is  added  to  the  Fehling's  solution.  There  is  then  no 
precipitation  of  cuprous  oxide  until  the  ammonia  has  been  boiled 
off'.  The  reaction  liquid  is  perfectly  colourless  when  reduced,  so 
that  the  end-point  is  a  good  one,  but  the  ammoniacal  solution 
absorbs  oxygen  from  the  air,  so  that  the  liquid  has  to  be  kept 
boiling  in  a  flask  with  a  small  opening.  Moreover,  owing  to  the 
escape  of  ammonia  there  is  only  a  limited  time  in  which  to  perform 
the  titration  before  cuprous  oxide  begins  to  be  precipitated.  This 
method,  therefore,  although  very  rapid,  requires  considerable  practice. 

Fehling's  Method. — The  standard  solutii>n  contains  3464  gnn.  pure 
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cryBtallised  copper  sulphate,  180  grm.  Eocbelle  salt  and  70  grm. 
oauBtic  soda  per  litre.  10  cc.  of  this  solution  are  equivalent  to 
0-06  grm.  dextrose. 

The  urine  is  diluted  exactly  10  or  20  times  according  to  the 
amount  of  sugar  present  and  placed  in  a  burette.  10  cc  of  the 
standard  eolution  are  measured  with  a  pipette  into  a  porcelain  basin, 
diluted  with  40  to  &0  cc  water  and  heat«d  to  boiling.  The  solution 
is  kept  just  boiling,  and  the  diluted  urine  nin  in  carefully  with 
stirring,  until  the  blue  colour  of  the  solution  has  just  disappeared. 
From  the  volume  of  diluted  urine  required  in  the  titration  the 
amount  of  dextrose  in  grammes  present  in  100  cc.  of  the  original 
urine  is  calculated.  Several  determinations  must  be  made.  A  flask 
heated  on  a  water  bath  may  be  substituted  for  the  basin  in  order 
to  minimise  the  risk  of  oxidation  of  cuprous  oxide. 

Oeirard'a  Uetbod. — The  cyanide  solution  is  prepared  by  adding 
cautiously  an  approximately  5  per  cent,  solution  of  potassium  cyanide 
to  100  cc.  Fehling's  solution  diluted  with  300  cc.  water,  which  is 
kept  boiling,  until  the  blue  colour  of  the  solution  has  just  disappeared. 
The  resulting  liquid  is  cooled,  diluted  to  exactly  500  cc.  and  kept  in 
a  stoppered  bottle. 

For  the  titration  SH  cc.  of  the  cyanide  solution  and  10  cc  of 
standard  Fehling's  solution  are  measured  into  a  basin  or  flask,  and 
the  diluted  urine  run  in  from  a  burette  in  exactly  the  same  manner 
as  in  Fehling's  method.  The  urine  required  in  the  titration  contains 
0'05  grm.  dextrose. 


FaVT'a  Method.— The  standard  Bolotion  coDtaioi  120  c.c.  Fehling's  aolnUon 
and  300  cc.  itrong  ammoniB  par  litre.  10  c.c  of  this  tolntioD  ore  eqaivalant 
to  0*005  grm.  deitroM. 

The  nonle  of  a  burette  U  fitted  to  a  tmall  fluk  bjr  roeaos  <rf  a  cork,  tiiroiigh 
wbich  is  alao  pused  a  short  bent  tabe  to  allow  of  the  aacape  of  ataam  and 
ammoaiB,  when  the  flask  la  boiled.  The  nrloe  la  dilated  exnotljr  10  to  SO 
time*  according  to  the  amonnt  of  sngar  preseot.  The  borette  is  filled  with 
this  dilated  ariiiB,  care  being  taken  that  there  are  no  bubblea  in  the  noczle. 
10  c.c.  Pavjr'a  aolution  and  abont  an  equal  volume  of  water  are  placed  in 
the  flaak.  The  Baak  is  noir  heated  till  it  boila.  The  heating  is  continned 
and  the  nrine  allowed  to  drop  in  from  the  burette  at  such  a  rate  that 
■bnllition  doea  not  ceaae.  When  tho  colour  in  the  flaak  is  perceptibly 
leaa,  the  rate  of  addiUon  of  dropa  b  much  reduced,  but  ia  continned  until 
all  blue  colour  haa  diaappeared.  The  firat  reading  will  be  almost  certainly 
too  great,  so  that  other  determinations  mnat  be  made.  In  the  later  deler- 
Diinatione  it  ia  a  good  plan  to  run  in  fairly  rapidly  a  quantity  of  urine,  which 
will  be  almoet  but  not  quite  sufficient,  to  wait  till  the  colour  ia  conatant  and 

en  very  carefully  and  slowly  to  add  drops  from  the  burette  till  the  blue 
colour  haa  quite  disappeared.  The  amount  of  diluted  arine  employed  ahould 
not  be  less  than  2  cc.  or  more  than  6  c.o. 
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Normal  buman  urine  has  an  average  reducing  power  «qiiiTalent  to 
about  0-2  per  cent,  dextroee.  Of  this  reducing  power  18  per  cent 
is  due  to  dextrose,  8  per  cent,  to  uric  acid  (see  p.  426),  and  25  per 
cent,  to  creatinio  (see  p.  439),  the  remuning  60  per  cent,  being  probaUy 
due  to  urochrome.  Furthermore,  the  colour  of  iirine  renders  tfae 
end-point  of  the  titration  much  more  uncertain  (ban  when  a  wateiy 
solution  of  dextrose  is  employed 

When  great  Kccurkcy  is  reqairecl,  in  order  to  remoTO  all  th«  nrochrome  m 
well  u  k  coDiidenble  proportion  (79  per  craL)  of  the  uric  acid  and  ereatinta, 
BkBg  and  Bohmaniiiaoa  uie  blood  charcoal  and  hrdrochloric  acid.  We  han 
obtuned  more  conatant  reanlta,  however,  b;  oiing  acetone '  and  blood  charDoal 
accordiog  to  the  following  method: — 

20  CO.  urine  are  miied  in  a  flaak  with  5  cc.  acetone  and  2  gr.  cbartoal 
from  blood  (a  teaipoonful).  The  But  it  then  ahaken  occaaionallj  during  Gre 
minutes,  after  which  iti  contenia  are  filtered  throDgh  a  dry  filtor  paper  into 
a  te*t  tube.  Of  the  filtrate  (which  ia  alwayi  perfectly  coloorleaa)  6  c.c*  an 
u>ed  for  Bang's  titration,  a«  deecribed  on  page  293. 

Sometimes  the  urine  contains  pentose  (i-arabinose).     In  such  cases  it 
reduces  but  does  not  ferment  with  yeast ;  it  gives  Bial'a  test  (p.  295). 
The  presence  of  taevtilose  is  revealed  by  Seliwanoff's  test  (p.  278). 

The  Acetone  Bodies  ia  Urine. — These  substanoes  are: — 

(1)  /3K)xybutyric  acid,  CHj.CHOH,.CH,.COOH. 

(2)  Aceto-acetic  acid,  CHj.CO.CH,.COOH. 

(3)  Acetone,  CHj.CO.CHj. 

Aceto-acetic  acid  is  an  oxidation  product  of  /3-oxybutyric  acid. 
Acetone  is  formed  from  aceto-acetic  acid  hy  the  loss  of  carbon 
dioxide.  A  solution  of  aceto-acetic  acid  partially  decompoaea  to 
acetone  at  ordinary  temperatures.  On  boiling  the  decomposition 
becomes  complete. 

Acetone  is  present  in  minute  traces  in  normal  urine.  All  three 
bodies  make  their  appearance  in  human  urine  when  fat  ia  being 
metabolised  at  an  unusually  rapid  rate.  They  are  present  therefore 
in  the  urine  of  severe  cases  of  diabetes,  in  the  urine  of  starvation, 
and  in  the  urine  of  many  people  when  the  carbohydrate  of  the  diet 

'  The  acetone  mu*t  be  chemically  pnre,  otherwiee  it  may  contain  Teducing 


'Thie  amount  of  the  filtrate  ia  for  a  urine  containing  not  more  thaa  2  per 
ceut.  dextroie.  If  it  contain  leas  tli&n  O'O  per  cent,  deitroee  10  c.o.  of  the 
filtrate  ahould  be  taken.  If  it  contain  more  than  2  per  cent.  2-3  c.c.  When, 
however,  more  than  2  or  3  per  cent,  deitrose  ia  [HVsent  the  polariacopio  method, 
or  Bang's  titration,  without  the  addition  of  ehareoal,  will  probably  give  cloaa 
enough  resntta  for  moat  purposei. 
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is  reduced  below  70  grm.  per  diem.  [Jnder  these  conditiotia  the 
amount  of  the  acetone  bodies  is  increased  by  exercise. 

EXPERUIKNT  X.  Tests  for  Acetone.  Local's  Test.— Add  to 
the  urine  iu  a  test  tube  a  few  drops  of  a  fresh  solution  of  aodium 
nitropruBside  and  then  caustic  soda  solution  till  definitely  alkaline. 
A  permanent  red  colour  develops,  which  becomes  deeper  and  assumes 
a  purplish  tint  on  acidifying  with  strong  acetic  acid.  (Compare  with 
test  for  creatinin). 

Bothsra's  Test. — Add  a  few  drops  of  sodium  nitroprusside  solution, 
ammonia  till  alkaline,  and  saturate  the  liquid  with  ammonium  sulphate 
crystals.  A  deep  colour  similar  to  that  of  permanganate  develops 
and  reaches  its  maximum  in  15  minutes.  This  test  is  more  sensitive 
and  dietinctive  than  Legal's. 

Iodoform  Teat. — Distil  a  few  cc.  of  the  urine  with  a  few  drops 
of  dilute  sulphuric  acid.  To  the  distillate  add  a  few  drops  of  iodine 
in  potassium  iodide  solution  and  caustic  soda  till  the  iodine  colour 
disappears.  Iodoform  is  precipitated,  and  is  detected  by  the  charac- 
teristic smell. 

ExPEKiHENT  XI.  Test  for  Aceto-acetic  Add. — To  the  urine  add 
ferric  chloride  solution  in  excess  of  that  required  to  precipitate  the 
phosphate  present.  A  deep  red  colour  in  the  solution  indicates  the 
presence  of  aceto-acetic  acid.  (Salicylic  acid  in  the  urine  gives  a  very 
similar  colour.) 

There  i*  no  siinple  lest  for  ozybntTllc  acid.  The  best  procedure  it  bued  on 
Schaffer'i  method  for  eitimfttiag  oiybatyrio  (Kid,  in  whioh  this  anbataDoe  ii 
oxidised  to  acetone.  00  to  100  c.  c.  urine  which  coDt&iuB  acetone  ii  diluted  with 
twice  ita  volume  of  water,  treated  with  basic  lead  acetate  and  ammonia  (to  remove 
poaaible  glycaronic  acid)  and  filtered.  The  (iltrate  ia  acidified  with  10  cc 
■alphurio  acid  (codc.)  and  boiled  for  half  an  hour,  with  the  addition  of  wat«r 
to  keep  the  volume  conitant  ;  thia  removes  the  aoetoae  present.  It  is  then 
distiIled(potauiam  bichromate  O'S  per  cent,  aolution  being  added  from  a  dropping 
funnel  so  aa  to  keep  the  volume  oonitant)  as  long  as  reduction  occnrt  as  abown 
by  the  colonr.  To  the  distillate  are  added  a  few  cc.  of  hyclrogen  peroxide  (free 
from  alcohol)  and  caustic  soda  till  alkaline.  It  is  then  redistilled,  and  the  seoond 
distillate  teated  fur  acetone  by  Bothera's  test  and  by  the  iodoform  test. 

/OH 
Homogratlsic  Acid  is  di-oxyphenyl-acetic  acid  C,H,^~OH 

^CHjCOOH. 

It  reduces  Fehling's  solution.  When  present  in  the  urine  it  causes  the 
latter  to  become  of  a  dark-brown  colour  on  standing,  or  this  change  in 
colour  may  be  hastened  by  adding  some  alkali.  It  is  present  in  the 
urine  throughout  life,  and  it  has  been  noticed  that  persons  who  exhibit 
it  are  almost  invariably  the  children  of  first  cousins.     It  can  be  easily 
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wparated  from  the  urine  by  adding  a  solution  of  lead  aeeteta^  filtering 
off  the  precipitate  of  inorganic  salts  which  at  fint  forms  and  allowing 
the  filtrate  to  stuid,  when  large  needle-shaped  glancing  ciyatals  d 
the  lead  salt  seftarate  out.  If  these  he  collected  and  treated  with 
sulphuretted  hydrogen,  bo  as  to  remove  the  lead,  the  acid  is  obtained 
in  a  pure  state. 

Olycnronic  Acid. — Chemically  this  is  dextrose  in  which  the  end — 
CHjOH — group  has  become  oxidised  to  form  COOH,  or  carboxyL  It 
has,  accoidingly,  the  formula  COOH— (CH.OH),— CHO.  It  is  an 
intermediate  body  in  the  metabolism  of  dextrose,  and  usually  becomes 
further  decomposed  in  the  organism,  to  yield  carbon  dioxide  and 
water.  Sometimes,  however,  it  unices  with  the  aromatic  bodies 
(plenol,  skatol,  etc.)  absorbed  from  the  intestine  to  form  a  salt.  In 
this  combination  it  takes  the  place  of  sulphuric  acid  (see  p.  436).  In 
very  small  amount,  it  seems  to  be  always  present  in  the  urine,  but 
under  certain  conditions  (as  after  the  administration  of  certain  drugs) 
it  becomes  increased  to  such  an  extent  as  to  impart  to  the  urine  a 
very  considerable  power  of  reducing  metallic  oxides  in  alkaline 
solution.  When  this  is  the  case  it  is  apt  to  be  confused  with  dextrose. 
The  only  absolute  test  whereby  it  may  be  distinguished  from  dextrose 
is  that  it  does  not  ferment  with  yeast.     It  gives  the  pentose  reactions. 


CHAPTEai  XXI. 

LACTIC  ACID,   ITS   ESTIMATION  AND  SIGNIFICANCE. 

By  J.  H.  RynrxL,  M.A.,  aSc.,  DomoD«tnitor  o(  Phynlology.  Gny'B 
Hospitel. 

The  lactic  acid  of  the  body,  called  sarcolactic  acid,  is  the  dextrorotatory 
variety,  the  free  acid  rotating  the  plane  of  polarisation  of  polarised 
light  to  the  right,  while  ite  metallic  salts  rotate  to  the  left.  The 
specific  rotatory  power  of  the  zinc  salt  [a]o  (see  p.  354)  is  -T'S" 
to  '6  5°  according  to  the  strength  of  the  solution.  The  zinc  salt 
contains  two  molecules  of  water  of  crystallisation,  whilst  that  of  the 
inactive  or  fermentation  lactic  acid  contains  three  molecules. 

Identiflcatioii  and  Estimation  of  lactic  Acid.  Ether  Extraction 
Hetiiod.— If  the  nutMrinl  ia  blvod  or  tit«ae,  it  U  citmcted  with  alcohol  or 
with  boiling  water;    if  nnas,  it  it  conoentrated  and  eitraoUd  wltfa  aloohoL 
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Tho  eitract  is  evaporated  to  iinall  bulk,  scidified  with  phMphoria  acid,  «nd 
extncttid  repeatedly  by  ahftking  in  a  funnel  with  many  times  its  volume  of 
ether.  Tlie  residue  after  the  evaporntiun  of  the  ether  extract  U  dissolved  in 
water,  boiled  with  zinc  carbanut«.  filtered  and  evapomteii.  Crystals  of  the 
zinc  lactate  are  thus  obtaintd,  which  are  weighed  either  after  drying  in  Bir, 
when  they  contain  their  water  of  crystal  lisatiou,  or  after  complete  drying  at 
]10°C.  The  product  is  liable  to  be  impure.  This  ie  partly  obviated  by  washing 
the  crystals  with  alcohol.  Fre<juently  the  aqueous  solution  obtained  after  ether 
extraction  is  treated  with  lead  carbonate,  liltered,  treated  with  hydrogen 
sulphide  to  remove  lead,  and  again  extracted,  but  this  procedure  involves 
loss.  In  any  case  the  percentage  of  line  in  the  sine  salt  must  be  determined 
in  order  to  prove  its  identity  as  zinc  lactate. 

The  method,  though  cumbrous,  ia  sufficiently  Batiafactory  when  relatively 
large  amounts  of  lactic  acid  are  present,  but,  when  the  amount  of  lactic  acid 
is  small,  the  zinc  lactate  is  almost  certain  to  be  impure,  especially  if  the 
delerminatiau  ia  made  on  urine.  Moreover,  in  the  e^tractioo  of  lactic  acid 
from  a  watery  solution  by  means  of  ether  there  is  always  some  loss,  due  to 
incomplete  extraction  and  to  oxidation  of  lactic  acid  by  iuiparities  in  the  ether. 
When  the  amount  of  lactic  .icid  is  small,  this  loss  is  relatively  very  considerable. 

The  Thtophene  Test  'or  lactio  acid  iutroduced  by  Hopkins  has  already 
been  described  (see  p.  354).  It  is  very  sensitive  and  in  distinctive  for 
a  liydrrixy  acids,  but  cannot  be  used  quantitatively  and  is  difhcult  to  apply  to 

The  DistUl&tiOD  Method.— This  method  depends  on  the  fact  that  lactic 
ai'iil,  when  heated  above  I40°C.  nith  sulphuric  acid,  yields  acetaldehyde 
quantitatively  according  lo  the  following  equation : 

CHj.CHOH.COOH  =  CH,.  rHO+ 11 .  COOH. 

■10  o.c.  of  the  liquid,  which  must  be  free  from  sugar  and  nearly  tree  from 
protein,  ace  placed  in  a  5tH)  c.c.  Jena  distillation  flask.  46  c.c.  pure  sulphuric 
acid  are  rapidly  sdded  from  a  dropping  fuunel,  the  flask  being  shaktn  and 
cooled  under  the  tap.  The  Hask  is  then  fitted  with  a  rubber  cork  carrying 
an  inlet  tube  for  steam  and  a  thennometer,  so  arranged  that  both  dip  well 
below  the  surface  of  the  liquid.  It  is  then  placed  in  a  slanting  position  on 
wire  ganze  on  a  retort  stand  and  attached  to  a  good  vertical  condenser.  (For 
this  purpose  the  exit  tube  of  the  Hask  must  be  bent  at  a  suitable  angle.)  A 
floak  of  about  .WO  c.c.  capacity,  immersed  in  cold  water,  is  placed  as  the 
receiver  of  the  condenser  with  its  mouth  just  touching  the  jacket  of  the 
condenser,  ao  as  to  prevent  loss  of  aldehyde  by  evaporation.  A  gentle 
current  of  steam  from  an  ordinary  steam  generator  is  then  passed  into  the 
distillation  flask,  which  is  vigorously  heated  with  a  Buoeen  burner.  Distillation 
will  generally  begin  at  about  140°  C.  but  the  heating  ia  continued  till  the 
ttinperature  reacbts  155°  C,  when  the  current  if  ateani  is  increased,  and  the 
heat  applied  to  the  fla*k  adjusted  so  that  the  temperature  is  kept  between 
)5.r  and  157°C.  When  about  100  c.c.  have  collected  iu  the  receiver,  or  the 
distillation  has  lasted  nearly  30  minutes,  the  decomposition  is  complete.  The 
conteuts  of  the  receiver  are  rendered  just  permauently  alkaline  by  the  additii 
of  2  per  cent,  caustic  soda  solution  and  a  little  litmus  solution,  diluted 
about  150  c.c,  and  redistilled  into  a  flask  with  a  100  c.c.  mark  in  the  neck, 
using  the  same  precaotiona  to  prevent  loss  as  before,  until  about  50  c.c.  have 
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bMD  oolleoted.  (Wbon  th«  ftmonut  of  l«otio  <Mtd  i*  axccMivdy  amall,  u  u 
the  OMa  in  nonrwl  urine,  &  SO  0.0.  flask  may  ba  amployed,  the  qoaatitica 
given  in  what  followt  being  halved.) 

To  tbe  lecood  distillate  are  added  OS  cc.  Scliiff'*  reagent  («ea  Uter)  and 
waUr  to  bring  the  volume  to  100  c.o.  The  flaak  ii  atoppered,  inrarted  a  few 
timea  to  mix  ita  contents,  placed  in  a  gioM  veaael  aontaining  water  *t  1S°C., 
and  left  for  30  nitnntea  in  diSiiie  daylight.  Tbe  SchifTa  reagent  raaota  with 
ibe  aldehyde  preaent,  giving  a  red  colour,  wliich  reachei  a  maiimnm  in  30 
minatea  and  then  alowly  fadea.  This  reaction  may  be  used  qualitatirely  aa  a 
test  for  lactic  acid.  For  qnnnlitative  estimation  tbe  coloai«d  liquid  (a)  is 
transferred  at  the  end  of  30  minutes  to  ono  tube  of  a  colorimeter.  A  coDvenient 
depth  of  liquid  is  selected.  Tbe  two  formaldefayde  standardt  (see  later}  are 
selected  which  are  nearest  to  a  in  colour,  and  the  depth  of  eaob  daterminod 
which  give*  the  same  intensity  of  colour  as  the  selected  depth  of  a. 

The  calculation  is  best  described  by  an  example. 

FunDsldsliyda  A  c.o,  a       FonuldebTda  S  cc. 

Readings  of  tqual  depth  of  colour,         242  cm.  2  era.  146  cm. 

10-r  readings,  4-13  S  6-56 

Then  a  is  equivalent  to  3  c.c.  +  -  .^ 

=  3'32  cc.  standard  formaldehyde  solntion. 
The  auiouul  of  lactic  acid  in  the  liquid  originally  nDployed  = 
3-32  X  3-436  X 
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wbera  n  is  the  standard  value  of  the  formaldehyde. 

If  the  colour  of  a  is  much  greater  than  that  of  any  of  the  standards,  another 
determination  matt  tie  made,  using  a  more  dilate  solution  of  lactic  acid. 

Tht  Formaldehyde  Standards. — A  series  of  four  stoppered  flasks  is  prepared 
containing  0'6  c.e,  Schiff's  reagent  and  IS  CO.,  2  c.C,  3  e.c,  5  cc.  respectively 
of  dilute  standard  formaldehyde  solution,  made  up  to  100  cc.  with  water. 
These  are  placed  in  a  dark  cupboard  till  required.  The  colour  develops  very 
slowly,  and  is  fairly  permanent,  so  that  the  standards  may  be  used  any  time 
within  three  days  after  the  fint  twelve  hours. 

The  d^ale  itaadard  ForvuUdthyde  Soltilion. — 10  c.c.  commercial  formalin 
[40  per  cent,  formaldehyde)  are  diluted  to  lOO  c.o.  This  solntion  will  keep 
practically  indefinitely.  To  make  the  dilute  standard  solution  5  cc  of  this 
solution  are  diluted  to  500  c.c.  This  dilute  solution  will  keep  practically  unaltered 
for  a  week  if  welt  stoppered.  It  is  standardised,  unless  made  from  on  already 
standardised   formaldehyde  solution,   by  tbe     following   method:    40   co.   are 

meMured  into  a  stoppered  bottle,  23  c.c,  ^  iodine  solntion  are  added,  and 
then  10  per  cent,  oaustio  soda,  till  the  liquid  asanmea  a  light  yellow  oolonr. 
The  mixture  after  standing  tor  10  minutes  Is  ooidifled  with  dilute  bydrochlorio 
acid  and  titrated  with  j^  aodinm  thioaulphate  aolntion,  until  the  colour  of  the 
Iodine  just  disappears.  The  volume  in  cc.  of  thioaulphate  solntion  required  ia 
sabtracted  from  2S  cc.     Let  the  remainder^b  cc.     Then  the  formaldehyde  in 

mg.  present  in  1  c.c.  of  the  solution=n  =  — -^ ■ 

The  value  of  n  should  he  nearly  0'4  mg. 
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S-Aif  s  Rtag'.nt. — 1  grm.  finely  powdered  rosanilino  bydroebloride  and  100  c.c. 
water  are  placed  in  a  Bmall  bottle  with  ■  closely  fitting  stopper.  Sulphur  dioxide 
is  posB^d  in  frum  a  syphon,  till  the  dye  just  diagolves  to  a.  yellow  Bolution.  when 
the  liijiiid  is  very  ncarlf  satarated  with  the  gas.  The  reagent  loses  sulphur 
dioxide  rather  readily,  so  that  it  mast  be  feept  closely  stoppered,  and  must 
be  resaturated  occasionally  with  sulphur  dioxide.  The  formaldehyde  s 
with  0'5  c.c  of  the  reagent  and  6  c.c.  dilute  (ormaldehyde  Bolution  (2  mg. 
formaldehyde)  made  up  to  lUO  c.c.  with  wat«r  should  be  of  such  a  depth  of 
colour,  that  by  the  colorimeter  r3  to  1-7  cm.  is  eiiaiualent  in  colour  to  07  cm- 
Yfg:  patasBiam  permanganate. 

The  method  can  be  applied  to  urine  either  directly,  or  after  rendering  alkaline 
with  sudium  carbonate  and  evaporating  on  the  water  bath,  but  not  more  than 
40  c.c.  of  urine  of  specific  gravity  103U  should  be  employed  for  one  distillation  in 
either  case,  as  with  more  urine  frothing  is  liable  to  occnr. 

Cllycuronic  acid  forma  a  source  of  error,  but  may  be  removed  by  means  of  basic 
lead  acetate.  Fur  this  purpose  25  to  200  c.c.  urine  are  meaaitred  into  a  600  c.c, 
graduated  Qask.  Slight  excess  of  basic  lead  acetate  solution,  10  c.c.  strong  ammonia 
and  water  to  make  500  c.c.  are  added.  The  contents  of  the  Bask  are  well  mixed, 
alloweil  to  stand  for  a  short  time  and  filtered  through  a  di'y  filter  into  a  dry  flask. 
A  measured  volume  of  the  filtrate  (350  c.c.  or  teas)  is  evaporated  in  a  dish  on  the 
water  bath,  soilium  carbonate  snlution  being  added  to  keep  the  liquid  alkaline. 
The  residue  in  the  dish  is  then  washed  into  the  distillation  flask  with  40  c.c.  water 
and  45  c.c,  sulphuric  acid  and  treated  as  above.  This  treatment  causes  a  small 
loss  of  lactic  acid,  so  that  only  about  50  per  cent,  of  minute  ([uantities  of  lactic 
acid  added  to  urine  are  recovered.  When  the  quantity  of  lactic  acid  is  consider- 
able, however,  the  loss  is  negligible. 

In  order  to  apply  the  method  to  blood  the  following  preliminary  procedure  is 
necessary.  The  blooil,  of  which  20  c.c.  is  usually  quite  sufficient,  is  diluted  about 
five  times,  heated  to  boiling  in  order  to  coagulate  the  proteins,  aud  tiltered.  The 
coagulum  is  very  thorooghly  washed  with  boiling,  faintly  acidulated  water.  The 
total  liquid  thos  obtained  is  rendered  alkaline  with  (odium  carbonate,  evaporated 
and  employed  for  the  determination. 

Lactic  acid  has  been  found  in  all  tiasiicF,  but  the  amount  present 
depends  on  the  condition  of  the  tissue  and  on  the  method  employed  for 
killing  it.  Muscle,  for  instance,  forms  lactic  acid  during  the  onset  of 
rigor.  Lactic  acid  appears  to  be  a  normal  constituent  of  blood,  but  its 
amount  is  variable.  In  the  venous  blood  of  man  at  rest  its  amount 
varies  between  10  mg.  and  20  mg.  per  100  c.c,  but  the  arterial  blood 
of  animals,  particularly  rabbits,  shows  higher  values  up  to  100  mg.  per 
100  c.c. 

By  the  ether  extraction  method  lactic  acid  has  never  been  found  in 
normal  urine,  but  this  docs  not  preclude  its  presence  in  small  quantity. 
By  the  distillation  method,  however,  lactic  acid  is  always  present  in 
urine,  amounting  in  man  on  an  ordinary  diet  to  about  4  mg.  per  hour 
during  the  day  and  2  rag.  at  night  when  determined  directly,  or  to 
about  half  this  tjuantity  when  determined  after  lead  acetate  treatment. 
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Lactic  acid  ie,  theraroro,  present  in  relatively  greater  amoant  in  tfae 
blood  than  in  the  urine  under  ordinary  conditions,  being  to  a  consider- 
able extent  kept  back  by  the  kidneys. 

When,  however,  tactic  acid  in  the  blood  riaes  above  a  limiting  value, 
which  in  man  is  less  than  70  mg.  per  100  co ,  it  is  actively  excreted  by 
the  kidneys,  so  tliat  the  uHne  may  often  contain  fiOO  mg.  per  100  c.c. 
even  when  fairly  dilute.  This  result  is  in  man  easily  brought  about  by 
violent  exercise  such  as  running. 

KxPKi:iMENT  L  Collect  the  urine  of  a  man  at  rest,  or  engaged  in 
quiet  work,  during  half  an  hour,  and  determine  the  lactic  acid  in  the 
urine  by  the  distillation  method.  Then  let  him  run  for  at  least  two 
minutes  at  a  pace  sufficient  to  produce  marked  dyspnoea.  Collect  and 
measure  the  urine  aflor  half  an  hour.  Determine  the  lactic  acid  in 
20  c.c.  of  this  urine.  A  qualitative  determination  is  sufficient,  as  the 
reaction  obtained  with  the  urine  passed  at  rest  is  very  small.  The 
uriuH  passed  at  rest  will  not  give  the  thiophene  test.  That  passed  after 
the  exercise  will  give  the  test  after  the  following  preliminary  treatment. 
The  urine  is  rendered  alkaline  with  sodium  carbonate,  evaporated  and 
extracted  with  alcohol.  The  alcohol  is  evaporated  and  the  residue  dis- 
solved ill  a  little  water,  strongly  acidified  with  phosphoric  acid  and 
extracted  with  many  tiroes  its  volume  of  washed  ether  in  a  separating 
funnel.  The  ether  is  separated  and  shaken  up  with  dilute  sodium  car- 
bonate solution,  again  separated  and  used  for  extracting  the  acid  liquid 
a  second  time.  This  process  is  repeated  two  or  three  times.  The 
alkaline  liquid  so  obtained  is  boiled  with  animal  charcoal  till  colourless, 
filtered,  and  evaporated  to  dryness.  The  residue  is  then  dissolved  in  6 
to  10  c.c.  pure  sulphuric  acid  and  the  thiophene  test  applied.  In  spite 
of  boiling  with  charcoal  a  reddish  brown  colour  is  usually  obtained  on 
adding  the  sulphuric  acid,  which  masks  the  reaction  to  a  certain 
extent. 

Violent  exercise  also  increases  the  acidity  of  the  urine  (see  p.  431)  and 
the  proportion  of  ammonia  nitrogen  to  the  total  nitrogen.  The 
amount  of  lactic  acid  in  the  blood  is  increased,  and  the  alkalinity  of 
ihe  blood  reduced  at  the  end  of  a  short  period  of  violent  exercise,  but 
both  have  returned  practically  to  normal  at  the  end  of  half  an  hour. 

When  more  moderate  exercise  is  taken,  such  as  walking,  there  is  no 
increase  in  the  lactic  acid  ol'  the  utine,  even  if  the  exercise  be  continued 
for  many  hours,  so  that  the  production  of  lactic  acid  in  exercise  clearly 
depends  on  the  intensity  of  the  muscular  activity.  There  is  no 
evidence  that  the  blood  is  less  well  supplied  with  oxygen  than  usual 
during  a  short  period  of  violent  exercise,  so  that  the  muscles  are 
presumably  not  short  of  oxygen.     The  production  of  an  increased 
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quantity  of  lactic  by  the  muscles,  which  thus  passes  into  the  blood,  is, 
therefore,  a  ilirect  teauU  of  great  muscular  activity. 

This  increased  production  of  lactic  acid  serves  a  very  useful  purpose 
in  making  the  hlood  more  acid,  and  so  stimulating  the  respiratory 
centre,  and  probably  the  hciirt  also.  The  inciesee  of  |)ul8e  rate,  bIo(Kl 
pressure  and  respiration  produced  by  violent  exercise  are  matters 
of  common  observation.  Although  the  output  of  carbon  dioxide  is  much 
increased,  the  alveolar  carbon  dioxide  (see  p.  197)  is  not  high,  except  for 
a  short  time  after  the  start,  and  fulls  markedly  below  the  normal  level 
for  about  half  an  hour  after  the  period  of  violent  exercise,  so  that  the 
increased  respiration  cannot  be  due  to  carbon  dioxide  alone.  If,  how- 
ever, we  suppose  that  the  activity  of  the  respiratory  centre  is  always 
regulated  by  the  acidity  of  the  blood,  which  depends  on  the  amounts 
of  carbonic  and  other  acids  present,  we  see  how  lactic  acid  may  take 
the  place  of  carbon  dioxide  in  increasing  the  activity  of  the  respiratory 

F,x  peri  men  tally  in  animals  the  urinary  output  of  lactic  acid  may  he 
greatly  increased  by  reducing  the  supply  of  oxygen,  or  by  carbon 
monoxide  poisoning.  The  experiment  has  to  be  continued  for  several 
hours  with  the  animal  in  the  collapse  stage  of  asphyxia.  In  man 
increased  iBctic  acid  excretion  has  occurred  from  long-continued  acci- 
dental carbon  monoxide  poisoning,  but  not  as  yet  from  voluntary 
shortage  of  oxygen.  ^Shortage  of  oxygen  is  not,  therefore,  us  efficient 
a  cause  of  increased  production  of  lactic  acid  as  muscniar  activity, 
although  respiration  is  increased  and  the  alveolar  carbon  dioxide  much 
reduced  even  in  short  experiments  on  man.  It  may  be  that  in  this 
case  the  respiratory  centre  is  the  first  to  feel  the  lack  of  oxygen,  and  is 
stimulated  by  lactic  acid,  which  it  itself  produces,  instead  of  by  the 
acidity  of  the  general  blood  stream. 

The  results  of  the  experiments  of  Fletcher  iitid  Hopkins  on  surviving 
frogs'  muscles  are  in  general  agreement  with  the  above  results  from 
man.  These  observers  showed  that  the  muscles  of  frogs  at  rest  contain 
very  little  lactic  acid,  provided  the  muscles  are  killed  with  a  minimum 
amount  of  stimulation.  For  this  purpose  they  cooled  the  hind  limbs 
with  ice,  then  rapidly  separated  the  muscles  and  ground  them  up  with 
ice-cold  alcohol  and  sand.  The  lactic  acid  was  isolated  m  anhydrous 
zinc  lactate  after  ether  extraction.  Resting  fresh  muscle  gave  l)-03  to 
0'045  per  cent,  zinc  lactate.  When  the  muscle  waa  tetanised  the  lactic 
acid  rose,  until  when  irritability  was  lost  by  fatigue  the  yield  of  zinc 
lactate  was  about  0*2  per  cent  If  the  muscle  was  then  kept  in  oxygen, 
the  irritability  returned  and  the  zinc  lactate  fell  to  about  0*1  per 
4!ent.     Oxygen  inhibited,  but  did  not  entirely  prevent,  the  onset  of 
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btigue  and  prodaction  of  lactic  acid,  and  enabled  the  muscle  at  rest 
to  remove  preformed  lactic  acid.  Irritation  or  injury  of  tfae  muscle  in 
any  way  increased  the  lactic  acid  in  it.  The  production  of  heat  rigor 
in  the  muscle  gave  tfae  maximal  yield  of  lactic  acid,  from  0-4  to  0-5  per 
cent,  zinc  lactate  according  to  the  time  of  year.  This  yield  of  lactic 
acid  was  independent  of  the  previous  manipulation,  tetanisation,  etc., 
to  which  the  muscle  had  been  subjected. 


CHAPTER  XXII. 

HAEMOLYSIS   AND  PRECIPITINS. 

A  RBD  blood  corpuBcte  or  erythrocyte  ia  uaoaUy  regarded  u  oonsiBting  of  an 
envelope  encloaing  haemoglobin  and  ults  of  varioni  inorgkalc  buea,  of  whicb 
potawiani  ia  predominaat  in  some  animala,  eodinm  in  othera.  Tfae  iDt«rior  of 
the  corpuKcle  is  alio  believed  by  some  to  contain  a  meahwork  connected  with  the 
envelope  and  of  similar  structure.  The  envelope  and  meahwork  are  compoBed 
chemically  of  lipoid  luhatance  and  protein,  and  behave  pbydcally  «i  a  sami- 
permeable  membrane,  readily  allowing  small  molecules  (*aoh  u  thooe  of  watar) 
to  diffnie  through  but  not  so  readily  larger  ones,  such  aa  those  of  many  inorganic 
■alts. 

Within  the  envelope  the  haemoglobin  cannot  be  present  In  ordinary  solution 
for  its  concentration  is  |i;rtiater  than  that  of  a  saturated  Bolution  of  haemoglobin 
In  water  or  saline  solution.  The  red  corpuscle  is  developed  from  a  cell,  but  in 
its  metamorphosis  most  of  the  cellular  properties  become  lost,  the  greater  part 
of  the  protein  constitueDts  of  the  cell  changing  into  haemoglobin. 

In  the  following  experiments  some  evidence  will  be  obtained  to  show : — 
1.  That  the  envelope  is  semi -permeable ;  2.  That  it  poarames  certain  qaalltiea 
common  to  it  and  other  cells  ;  3.  That  lipoid  substance  is  an  important  con. 
stituent  of  the  envelope. 

It  is  comparatively  easy  to  study  alterations  in  the  parmetlbUify  of  the 
corpnsuular  envelops,  because,  when  faaemoglobiD  leaves  the  corpnsole  and 
passes  into  the  fluid  surrounding  the  corpuscle,  this  fluid  becomes  tinged  with 
red :  taking  or  haemolysis  is  said  to  have  occurred. 

experiubnts  depending  on  the  fact  that  the  corpuscular 
Envelope  is  Sehi-perheable  in  Nature. 

ExFEHiutHT  I.  Examine  some  Mood  under  the  microscope  {frog's  blood 
is  very  suitable  because  of  the  Urge  sise  of  tfae  corpuscles).  Allow  some  water 
to  run  under  the  cover  slip,  and  at  the  interface  between  blood  and  water 
note  the  rapid  swelling  of  tfae  corposcles  Followed  by  their  rapture.  To 
another  preparation  add  a  2  per  cent,  aolution  of  sodium  chloride  and  note 
that  the  corpuscles  shrink  and   become  irregnlar  in  shape.      The  explanation 
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of  these  rMaltt  ii  that  the  envelope  readily  allowa  water  to  paai  through  It 
but  not  inorganio  ealta.  The  water  tends  to  pan  into  the  oorpnicle  in  tb« 
fitat  part  of  the  experiment  becaoae  the  oamotio  preaaure  inaide  the  oorpuaele 
ia  higher  than  that  outside.  To  equaliae  thia  difference  of  oamotio  preaaure 
water  paaiea  in  bnt  aalta  cimnot  paea  out  because  the  membrane  ia  impermeable 
towards  them.  The  ahrinkage  of  the  corpnacle  in  the  second  part  of  the  experi- 
ment beara  out  tbia  explanation. 

GxFERiUKNT  II,  Determine  ahai  tlrenglh  of  NaCl  toltUitm  jutl  priventt 
katmolyma.  Into  each  of  a  aeriee  of  teat  tnbea  place  20  c.c.  of  sodium 
chloride  lolutiona  of  gradually  iucreaaiug  concentration,  e.g.  0'5  per  cent, 
0-66  per  cenL,  0-60  per  cent.,  066  per  cant,,  0-70  per  cent.'  To  each  tube 
add  five  drops  of  freah  defibrinated  {ox  or  dog)  blood ;  mil  by  inverting  the 
tube  and  allow  to  stand  for  some  minutes.  It  will  be  noted  that  the  super- 
natant fluid  in  the  caae  of  the  atronger  aulutions  is  colonrleas,  bnt  that  in  the 
tube  with  0'55  per  cent.  NaCl  it  ia  slightly  tinted  red,  indicating  that  the 
corpuscular  envelope  hu  ruptured  and  the  haemoglobin  haa  escaped.  The 
saline  eolation  which  just  prevents  haemolysis  stands  somewhere  between  0'5S 
and  0'6  per  cent,  in  strength. 

By  eetimating  the  oemotic  presanre  of  blood  serum  and  of  the  atrave  saline 
■olutioni,  either  by  means  of  the  depression  of  freedng  point  method  or  by 
the  microacope  or  baematocrit  {see  Exp.  IV.).  it  will  be  found,  however,  tbat 
a  U'55  per  cent,  saline  solntion  has  a  much  lower  oamotio  preaaure  than  that 
of  blood  serum  (which  equals  a  0*9  per  ceot.  NaOl  solution).  The  reanlts  of 
the  above  experiment  therefore  show  ui  that  the  corpuscular  envelope  can 
withetand  a  certain  amount  of  hypotouicity  before  it  rupturee. 

If  the  experiment  be  repeated  with  other  aalta  than  todinm  chloride  it  will 
be  found  that  the  strength  of  solution  which  just  faila  to  show  haeinolyala 
bears  a  close  relationiliip  to  the  molecolar  weight  of  the  salt  a«ed,  ■'.<.  th« 
corpuscular  envelope  givea  way  at  corresponding  oamotio  pressures.  There  are 
certain  aalta,  however,  for  which  thia  ia  not  true ;  the  moat  important  of 
these  are  the  ammonium  salts  and  organic  sulntancee  containing  an  ammonium 
residue,  t.g.  urea,  otfaera  are  sodium  carbonate,  glycerine,  etc 

BxpKBiuKKT  UI.  Mix  0  drops  of  ox  blood  with  20  c.c.  of  a  0-7  per  cent, 
eolation  of  ammonium  chloride.  Inking  will  occur  although  this  strength  of 
solution  has  a  higher  oamotio  preasura  than  a  OSS  per  cent,  solution  of  sodlnm 
chloride. 

We  can  dtUrmint  the  omaotic  presmirt  of  a  taiint  tolvlion  indirtell}/  by 
ohaerving  what  effect  it  haa  on  the  volume  of  red  blood  corpuscles.  When 
no  change  in  volume  occuis  with  a  given  solution  thia  mnat  be  iaotonic  with 
the  blood  serum;  if  it  cauaes  swelling  it  is  hypotonic,  if  shrinkage,  hypertonic. 
Beeides  employing  the  microacope  to  detect  these  changes  in  volume,  we  may 
employ  an  Inatrument  called  a  haanatoml. 

BxFERiHKHT  IV.  The  baematocrit  consists  of  two  capillary  glass  tnbea, 
graduated  in  one  hundred  eqoal  parts  ;  the  upper  ends  are  widened  so  as  to 

'  These  aolntions  of  NaCl  ore  best  prepared  in  the  folloiring  manner :  Fill 
one  burette  with  a  1  per  cent.  NoCl  solution  and  another  with  disUIIed  water. 
Into  test  tube  1  place  5  co.  of  the  NaCl  aolution  and  6  e.c.  of  water  (=-0 
per  cent.);  into  teat  tube  2  place  S'S  cc  NaCI  aolntion  and  4'S  cc  water 
(  =  0'S5  per  oent.),  and  so  on  for  the  other  tubes. 
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nufce  «  uilxliig  aliMnb«r.  Bf  ktUchtng  •  pUe*  of  indianibber  taUng  to  Ik 
tobe,  blood  ii  anoked  up  to  the  rnvrk  100,  alotUng  bmag  ivtardcd  by  finti^ 
•11  drkwing  Knne  cedkr  oQ  throngh  tlia  tabn.  The  tnbn  kfb  then  placed  h 
ft  holder,  the  endt  being  cloaed  bj  antall  metal  platei  held  in  paeitkMi  b;  ^ 
•pring,  had  rotated  on  a  ooDtrilnge  nntU  the  aorpuclea  hava  been  Ihrosi 
down  to  a  MHain  mark,  which  u  then  noted.  After  oleenuif[,  blood  from 
the  lame  (oaroe  ia  agalo  tnoked  ap  to  the  mark  100  and  then  an  eqnal  volnme 
of  Bome  aolDtioD.  The  two  are  tiioronghl;  mixed  ia  the  mixing  ctuuuber  b; 
meani  of  a  fine  wire  and  the  Inatmrnent  again  rotated.  If  the  eolntiim  ii 
iiotoiiic  with  the  blood  lernm  tbe  oorpneclea  wDl  itand  at  tht  aame  lend  aa 
before,  if  it  be  hypotonio  they  will  atand  at  a  higher  lerel,  it  hypertonic,  el 
a  lower.  It  will  be  teen  that  by  thia  method  we  can  readily  aaeertMO,  in  a 
aeriei  of  aolntiona  of  unknown  oamotic  piuMuiae,  whether  one  of  them  i« 
iaotonic  with  the  blood  aeram. 

The  haemoglobin  may  alao  be  canaed  to  leave  the  oorpuacle  by  bringing 
about  an  alteration  in  the  permeability  of  the  enTslope.  8noh  an  alteration 
ma;  be  brougbt  about  in  a  variety  of  ways,  aome  of  which  may  be  atyled 
physical,  auch  as  heating,  freeiiDg  or  ahaking  the  blood ;  athere,  aa  purely 
dumkat,  »ach  a*  the  addition  of  ether  and  other  fat  aolventa,  aaponin,  bile 
•alta,  acidi  and  alkaliea ;   and  others  ••  bin^liemical,  anch  a»  the  addition  of 

In  the  prstent  state  of  onr  knowledge  it  ia  impoaaible  to  ny  in  every  oaae 
definitely  what  the  alteration  in  peiTneability  ia  due  t«,  but  aome  rery  important 
facta  are  known. 

Fliysical  Laklng.  Expkrikekt  V.  1.  Plaoe  aome  blood  in  a  teat  tnbc  and 
keep  at  60°  C.  for  a  few  minutea.     The  blood  becomea  laked. 

2.  Repeatedly  freeze  and  thaw  aome  blood  and  then  dilnie  with  aome  iaotonio 
aaiine.     Note  the  evidence  of  taking. 

Ohemic&l  Trftkitig. 

3.  Place  aome  blood  in  four  teat  tnbei ;  to  one  add  aome  ether,  to  another 
aome  3  per  cent,  aaponin  aolution,  to  a  third  a  aolution  of  aodiam  UoiMchcdate 
in  iaotonic  aaline,  and  to  tbe  fourth  aome  acetic  acid.     Laking  occnra  in  all 

4.  To  another  test  tube  oontaiDing  I  o.c  of  blood  add  3  c.c  of  a  2  per  oenL. 
aolutloD  of  nrea.  Lakbig  aoon  ocean.  Sinoe  tbia  atreugth  of  nrea  aolntion 
haa  practically  tbe  aame  oamotic  preaanre  aa  '0  per  cent.  NaCI,  it  ia  of  further 
interest  to  see  whether  its  laklng  infinenoe  ia  due  t«  ita  having,  like  ^e 
above-mentioned  chemicals,  a  damaging  eSect  on  the  oorpnaonlar  envelope. 
Thia  qaeatlon  can  be  settled  by  repeating  the  above  experiment  with  a  aolutioii 
of  0-9  per  cent.  KaCl  containing  2  per  cent,  of  nrea.  It  will  be  found  that 
DO  Uking  occnra  thus  ahowing  that,  nulike  bile  aalta  and  aaponin,  the  nre* 
doea  not  damage  the  envelope.  The  reason  why  lakiog  oooura  with  tbe  pure 
urea  solation  moat  therefore  be  that  the  nrea  molecule  penetrate*  the  corpus- 
cular envelope  very  readily,  perhapa  aa  readily  aa  water  itaelf  does. 

A  considerable  amount  of  work  haa  been  done  on  aopoHtn  taking,  the  moat 
important  outcome  of  which  ha*  been  to  ahow  that  the  haemolytic  effect  of 
this  drug  can  be  antidoted  by  aomething  (probably  lecithin  or  chdeaterol) 
contained  in  normal  blood  aemm.     To  demonstrate  this  effect  it  ia  of   oouree 
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firat  of  all  DMBHuy  to  Ulte  blood  oorpotolM  that  have  beaa  waihed  free  of 
adhermt  aemia.' 

0.  Dtttrmine  Iht  miBiffltan  amovnt  of  a  0*3  ptr  etat.  aaponin  »oi«lion  ncMuory 
to  produee  taHng  of  wanlieil  dog'$  Mrpvtdu  in  J!vt  mimUes  at  rrmn  UM/ifratvn. 

Label  four  teat  tubea  A,B,  (7,  i>,  and  place  in  eoob  2  o.o.  of  10  per  cent,  dilution 
of  dog'a  waah«d  blood  oorpniclM  in  0*9  per  cent.  IfaCl  aolutioo.  Of  a  0'3  per  oeat. 
Bolation  of  aapoDio  in  O'd  per  cent.  IfaCl  aolotioa,  add  U)  A  U'D5  c.c.  ;    to  B 

01  0.0.  ;  to  C  O'lS  0.0.  ;  to  Z>  0-2  c.c.  Immediatoly  fill  eacb  test  tube  wUb 
0-9  NaCl  aolntlon  and  without  ahaking  allow  to  stand  for  five  mioutea.  Tbeo 
note  the  tube  which  jast  shows  complete  laklng.  Repeat  the  obaervation 
taking  amonnta  of  saponin  In  l/lOOth  of  a  co.  between  tii«  amounta  in  the 
preTioni  trial,  wb[ch  did  and  which  did  not  ahow  taking  {i.t.  suppose  trial 
gave  laking  with  0-Ifi  cc.  but  not  with  O'lO,  then  in  this  experinient  use 
0.11  CO.  saponin  in  A  ;  012  c.c.  in  B,  and  so  on). 

S.   Demontlratt  lAe  anlidolat  ^eel  of  blood  ftrrnn  on  lapotun  laking.     Place 

2  0.0.  of  a  10  per  cent.  anspeniioD  of  dog's  washed  blood  oorpnselea  in  totir 
marked  teat  tnbea;  add  to  each  2  cc  of  dog's  blood  serum  and  mix.  Then 
add  minimal  laking  amount  of  saponin  solution  (determined  as  in  Experiment  5) 
to  A  and  to  the  other*  amounts  Inorcuing  by  0-05  o.o.  Fill  up  the  teat  tubea 
with  0-9  per  cent  sodium  chloride  solution  and,  after  atanding  for  five  minutes, 
see  in  which  tul>e  laking  haa  occurred.  The  antidotal  effect  of  the  blood  serum 
will  be  clearly  sfaown. 

There  are  some  very  peculiar  differenuea  between  the  action  of  laking  agents. 
Thns  saponin  evidently  acta  on  aome  conatituent  of  the  envelope  which  i«  closely 
related  to  oholeaterol  [or  lecithin),  for  if  a  aaponin  solution  be  shaken  with 
cholesterol  its  haemolysing  effect  will  become  greatly  reduc»l.  In  Its  action  on 
the  corpoacuUr  envelope  the  saponin  either  dissolves  the  cholesterol  or  forms  a 
compound  with  it  which  ia  solnble  in  the  surrounding  fluid,  and  in  this  way 
makes  the  envelope  so  permeable  that  the  haemnglobin  escapes.  It  is  of  int«reet, 
in  this  connection,  to  note  that  if  the  mixture  of  blood  and  saponin  be  cxan.iiied 
under  the  mioroacope,  the  corpuscle  will  be  tvsa  to  swell  somewhat  befura 
haemolyd*  occur*,  showing  that  ita  permeability  towards  water  is  first  of  all 
lowered.  The  electrical  conductivity  increases  somewhat  during  laking  by  a 
minimal  dose  of  saponin,  probably  due  to  the  escape  of  haemoglobin,  bnt  if 
at  this  stage  mora  saponin  bo  added,  the  electrical  conductivity  still  further 
incToaaea,  abowing  probably  that  some  compound  of  stroma  and  inorganio  salta 
has  been  broken  down  (St«w»rt).  With  bile  salts,  on  the  other  hand,  there 
is  no  preliminary  swelling  of  the  corpuscles ;  their  haemoglobin  contents  are  sot 
free  immediately.  Ether  does  not  merely  act  by  dissolving  out  lipoid,  for  ether 
saturated  with  cholesterol  or  with  the  lipoid  suhstanccB  of  cnrputclea  themselves 
atill  causes  laking. 

Blo-chemical  Laking. 

Parbap*  the   rooat  intereettng  haemolytic   bodies   are    thoae  which  become 

'To  wash  blood  corpuscles  free  of  adherent  serum  a  good  centrifuge  ia 
neceaaary.  The  defibrluated  blood  ia  fine  of  all  centrtfuged  and  the  serum 
removed  with  a  pipette.  The  centrifuge  tube  is  then  filled  up  with  0-9  per 
cent,  sodlom  chloride  solntiMi  and,  after  shaking,  placed  In  the  centrifuge. 
This  process  is  repeated  at  least  three  times  and,  for  more  particnlar  work. 
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developed  in  the  tiMoe  fluids  of  nn  animal  when  the  defibrinated  blood  ol  an 
■Dimal  of  another  ipecies  is  repeatedly  inocubited  into  it.  These  haemolysiiu 
belong  to  the  general  group  of  anti-budiea  in  which  are  included  the  antitoxina, 
precipitins,  agglaljnina,  bacterioljains,  etc.  HaetnolyaiuB  alio  aometimea  occur 
as  normal  constituenta  of  tisane  fluida  and  aecretions ;  for  example,  they  are 
present  in  make  veuotn. 

A  particular  study  of  these  anti-bodies  is  more  properly  a  baoteriotogical  than 
a  bio-cheuiical  one,  but  a  study  of  a  faw  of  their  easeiilial  properties  must  alao  be 
includeil  m  the  courae  in  bio-cheraiatry,  since  many  ferments  seem  to  act  acconling 
U>  the  ftaoje  lan'a  as  those  which  govern  the  action  of  haematyains. 

HaemolysinB. — The  washed  erythrocytes  of  the  rabbit  nre  Inked  wheu  mixed 
with  the  blood  serum  of  the  dog  or  ox.  This  haemolytio  effect  of  dog's  lilood 
serum  becomes  much  more  marked,  however,  if  the  dog  be  previoualy  inoculated 
with  defibrinated  rabbit's  blood.'  Besides  causinj;  haemolysis,  the  serum  usually 
eanaea  the  corpuscles  to  run  together  Into  clumps.  This  process  is  called 
a-ti/tulinalion,  and  when  it  occurs  in  l>]ood  the  corpuaclea  settle  down  and  can  be 
filtered  off. 

Ekpbrimbnt  VI.  (I)  Examine  microscopically  (under  cover  slip)  the  effect 
of  dog's  serum  ou  rabbit's  erythrocytes.     (Agglutination,  then  haemolysis.) 

(2)  With  a,  5  per  cont.  suspension  of  ipimktd  rabbic'*  erylhrocylen  in  physiological 
saline  perform  the  following  eipeiiments,  ascertaining  the  degree  of  haemolysii 
by  allowing  the  corpuscles  to  settle,  and  notiug  the  intensity  of  colour  of  the 
supernatant  fluid.     Note  alao  any  aiigtiitinalimi. 

In  small  short  test  tubes,  mix  : 

A.  1  cc  suspension  and  0*5  c.c.  0'9%  NaCl  (control). 

B.  1  c.c.  „  0'2  c.c.  immunised  dog's  serum. 

C.  1  c.c.  „  0-.5C.C. 

Place  the  tubes  in  the  water-bath  at  40°  C,  and  observe  after  flfteon  minutes. 

The  haemolyain  thne  produced  by  inoculation  of  foreign  blood  can  be  shown  to 
consist  of  two  parts,  one  of  which  is  destroyed  by  moderate  heat  (the  therino. 
labile  body),  the  other  being  much  more  resistant  in  this  particular  (the  thermo- 
stable body).  The  Ihermo-labile  body  is  not  specific  in  its  nature,  but  is  a  normal 
constituent  of  blood  serum;  it  is  usually  called  the  comptanent  or  alexine.  By 
■peciSc  in  this  connection  is  meant  that  the  substance  is  not  confined  in  its  action 
to  one  kind  of  corpuacle.  The  thermo  stable  body  is  speciGc  in  nature,  lieing 
produced  as  a  result  of  the  inoculation  of  foreign  blood  and  acting  only  when 
brought  in  contact  with  blood  corpuscles  which  are  of  the  same  kind  or  are  very 
closely  related  to  those  of  the  blood  used  for  inoculation.  On  account  of  analogy 
between  the  thermostable  body  and  anti  bodies  in  general  it  is  often  called  the 
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Piaee  3  CC  of  immunised  dog's  serum  in  the  water-bath  at 
r  ten  minutes.  Allow  to  cool.  Repeat  the  above  experiments, 
ling  the  heated  serum  :  no  haemolysis  will  occur,  the  heating 


'One  intraperitoneal  injection  of  50  c.c.  of  rabbit's  defibrinated  blood  will 
render  the  dog's  aerum  atrongly  haemolytic  in  about  four  days  after  the  injection. 
If  the  injection  be  repeated  once  a  week  for  three  or  four  weeks  the  haemolylio 
power  will  be  very  strong.  When  an  animal  is  inoculated  in  this  wb7  it  is  said 
to  be  immunised.  An  equally  suitable  pair  of  animals  is  the  rabbit  and  guinea 
serum  olitainable  is  small. 
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having  destroyed  Bamething  neceasary  for  haemolyBU.  Il  there  any  agglutination  T 
Now  add  I  o.e.  rabbit's  »eruni  to  aoroe  of  the  miitiire  of  previously  heated  Berum 
and  blood  corputclea ;  baemolyBJa  will  occur.  To  another  part  add  aome  Berum 
from  an  nninocalated  (normal)  dog.     The  same  result  wilt  be  obtained. 

The  destmctioD  of  the  complement  by  heating  ia  called  iwKlivatuni,  That 
inactivation  deitroya  aomething  which,  though  neceuary  for  hnemolyua,  ia  yet  a 
normal  coDstituent  of  leram,  li  shown  in  the  above  experiment  by  the  fact  that 
reactivation  of  the  haemolysin  can  be  effected  by  addition  of  rabbiCt  aerum  ;  i.e. 
of  the  aame  lerum  that  the  erythrocytes  are  normally  accustomed  to. 

The  com  piemen  t,  whatever  ita  chemical  nature  may  be,  is  a  conatAnt  con- 
stituent of  aerum,  hut  under  normal  conditiona  it  does  not  aa  a  rule  act  on  the 
erytlirocyt«B  and  causa  haemolysia  becauae  of  the  absence  of  the  immune  body. 
To  produce  the  immune  body,  inoculation  with  foreign  blood  b  uaually  necessary. 
There  are  in  general  two  viewa  aa  to  the  mechanism  by  which  these  two  con- 
Btituents  of  serum  act  in  bringing  about  haemolysis.  The  Preuch  school  believe 
(with  Bordet)  that  the  immune  body  acts  on  the  uorpuacle  aa  a  mordant  acts  on 
cotton  in  dyeing ;  in  other  words,  it  sensitises  the  corpuscle  towards  the  com- 
plement (thua,  the  French  call  it  the  sviittanct  aeifibi^otrKc).  The  Gei'mon  achool 
(headed  by  Ehrltch),  on  the  other  hand,  believe  that  the  immnne  body  first  of  all 
combines  with  the  corpuscle,  and  that  the  complement  then  combines  with  the 
attached  immune  body  and  acta  through  it  on  the  corpuscle. 

It  would  be  out  of  place  here  to  give  a  detailed  account  of  the  experiments 
that  have  been  brought  forward  in  aupport  of  these  hypotheses,  hut  one  important 
fact  can  be  easily  demonstrated,  viz.  that  the  immune  body  readily  unites  with 
the  corpuscle  in  the  abaence  of  the  complement,  and  that  the  subsequent  addition 
of  complement  then  causes  haemolysis. 

BxFEBiHENT  Vllt.  CentrifugalisG  5  a.c  at  a  suBpension  of  washed  rabbit's 
erythrocytes,  and  then  carefully  remove  aa  much  of  the  aupematant  fluid  as 
poBMble.  This  yielda,  as  aediment,  erythrocytes  that  are  free  of  complement. 
Now  odd  to  the  erythrocytes  2  c.c.  of  inactivated  serum  from  an  immunised  dog; 
shake  the  lube  to  obtain  complete  mixing,  and  allow  to  stand  for  some  minutes. 
No  laking  occurs.  Then  fill  up  the  tube  with  0'9  per  cent,  sodium  chloride  and 
centrifugal ise.  Pipette  off  the  aupematant  fluid  and  repeat  the  washing  three 
times,  BO  aa  to  remove  bU  traces  of  the  inactivated  Berum,  which  may  be  merely 
adherent  to  but  not  combined  with  the  corpuscles.  Now  add  soma  normal  serum 
to  the  tube  and  warm  to  3S°  C. :  liaemolyais  occurs,  the  complement  iu  the  normal 
serum  having  acted  on  the  erythrocyte-immnne  body  compound. 

The  immune  body  acta,  therefore,  as  slink  unitingcorpuscles  with  complement. 
It  may  l>e  considered  to  possesa  two  combining  groups,  and  is  hence  called  an 
amboceplor.  One  of  these  groups— called  the  cytophilic  group— first  of  all 
unites  with  a  side  chain  of  the  erythrocyte,  and  then  the  other  group—called  the 
complcmentophilic — unites  with  the  complement,  reaultiog  in  destruction  of  the 
erythrocyte.  That  the  reaction  takes  place  in  this  order  Is  demonstrated  in 
the  following  experiment : 

ExFERlHENT  IX.  Ceotrifugalise  5  c.c.  of  the  above  auapenaion  of  rabbits' 
erythrocytes,  and  with  a  pipette  remove  as  much  of  the  supernatant  fluid  as 
possible.  Pkhce  the  sediment  in  a  test  tube,  and  cool  in  crnabed  ice  to  zero.  In 
another  test  tube  likewise  cool  0'5  c.c.  of  immunised  dog  serum.  Mix  the  cooled 
corpusclea  and  serum,  aud  keep  them  at  0'  for  one  hour,  after  which  transfer  the 
mixture  to  a  cooled  oentrifuge  tube,  and  immediately  ceutrifugaliss.  Then  lemove 
2a 
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the  supernatant  Quid  cnrefully,  and  test  it  and  the  fledimeut  for  the  preeeace  of 
Hmboceptur  and  complemeDt  in  the  following  manner  : 

a.  Add  0'2  c.c.  ot  the  auperniiituit  Quid  to  0'3  c.c.  of  the  5  per  cent,  anipeiinoa 
vl  the  washed  erythrocytes  of  the  rabbit,  anii  incubate  it  40°  for  t«n  minute*.  No 
laktng  will  probably  lie  noted.  Now  add  a  Few  drops  nf  inaclicaled  iinniunised 
dog's  serum  (see  Eiperiment  VII.),  and  incubatci  laking  will  probably  occur.  The 
cmclusion  is  that  the  supernatant  fluid  contained  complement,  but  no  amboceptor. 
If  thnoxperiment  is  unsuccessful  it  must  be  repeated  again,  using  »  smaller  amount 
of  the  supenulant  Quid. 

li.  Shake  the  sediment  with  a  few  c.c.  of  ice  cold  0*6  per  cent,  sodium  cliloride 
solution,  and  oentrifugalise.  RemoFe  the  snpemataDt  Sold  with  n  pipette  and 
place  some  of  the  woihed  sedinient  to  a  smalt  test  tube,  and  incubate  ;  only 
slight  Inking,  if  any.  will  be  noted  in  (en  minutes.  Now  add  a  few  drops  of 
rabbit  serum  or  some  of  the  aupernatunt  fluid  used  in  a,  when  laking  will 
become  marked.  The  conclusion  is  that  the  amboceptors  had  combined  with 
the  urythrooytea,  but  not  with  the  complement. 

Precipitins.  —  Not  only  cells  nod  toxins,  but  proteins  also,  reoot  in  the  manner 
above  described.  The  reaction  manifcBts  itself  in  the  forniatinn  of  a  precipitate. 
Fur  example,  the  scrum  of  one  animal  cao  cause  the  serum  protein  of  another 
animal  to  become  precipitated,  indicating  that  it  contains  some  body  which 
changes  the  nature  of  the  protein  bo  as  to  render  it  insoluble.  It  is  called  a 
precipitin,  and,  like  antibodies  in  general,  e.g.  haemolysins,  it  seems  greatly 
increased  in  amount  by  inoculation.  Thus,  if  rabbit  serum  be  mixed  with  ox 
serum  the  mixture  remains  clear,  or  only  becomes  slightly  clondy.  If.  howerer, 
OX  serum  be  injected  intraperitonenUy  or  intravenously  into  a  rabbit,  and  the 
inoculalioD  repeated  every  three  or  four  days  for  some  weeks,  then  the  rabbit 
serum  will,  when  mixed  with  ox  serum,  cause  a  marked  precipitation  of  tha 
proteins.  A  precipitin  has  become  develiiped  by  inoculation.  Precipitins  are 
remat  kably  specJlic  En  nature,  so  that  if  a  seriei  of  rabbits  be  inuculated  as  above 
described,  each  with  the  blood  serum  of  some  diflerent  animal,  there  will  be  pro- 
duced in  the  serum  of  each  rabbit  a  precipitin  which  reacts  only  wiili  the  serum 
of  the  s:tnie  kind  of  aoimal  whose  blood  was  used  for  inoculation,  or  with  that  of 
some  closely  altieL)  species. 

In  this  way  a  variety  of  sera  can  be  prepared  (and  preserved  in  sealed  tnl>es), 
which  are  peculiarly  delicate  and  speciflc  reagents  for  the  detection  of  the  proteins 
used  to  produce  precipitins  in  thetu.  ISy  an  application  of  these  facts  it  is  possible 
lo  distinguish  from  what  animal  a  given  blood  serum  (or  blow!  solution)  has  been 
obtained.  Thus,  if  it  be  deaire<l  to  ascertain  whether  a  blood  staiu  is  of  human 
blood,  it  ii  dissolved  in  water  and  filtered  till  clear,  aud  then  mixed  in  a  smalt 
test  tube  with  a  few  drops  of  the  serum  of  a  rabbit  that  has  been  inoculated  for 
some  time  with  human  blood.  It  a  precipitate  occurs  the  inference  is  that  the 
atain  was  of  human  blooil.  It  is  impossible  to  cause  precipitin  formation  by 
inoculation  with  blood  from  another  animal  of  the  same  kind  or  from  one 
that  is  closely  related.  Thus,  no  precipitin  will  be  developed  in  a  rabbit  terum 
by  inoculating  the  rabbit  with  guinea  pig's  serum.  For  the  same  reason,  the 
bloods  of  closely  related  animals  can  form  precipitios  that  are  conimao  to  them 
all.  Thus,  if  the  blood  of  certain  monkeys  be  inoculated  in  rnbbita,  the  serum  of 
the  rabbit  iiiitlgive  the  precipitin  reaction  not  only  with  monkey's  blood,  but  also 
with  that  of  man. 
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THE  PIGMENTS  OF  UBINE. 

When  fresh  normal  urine  is  examined  by  meana  of  the  spectroscope 
it  usually  presents  no  absorption  bands,  a  dilTuso  absorption  of  the 
violet  end  being  alone  conspicuous. 

The  yellow  colour  of  tho  urine  is  to  be  regarded  as  due  almost 
entirely  to  the  presence  of  a  preformed  pigment,  arochrome.  If  this 
pigment  be  removed  from  the  urine,  the  colour  of  the  urine  is  largely 
lost.  It  may  be  separated  from  urine  by  saturating  urine  with  am- 
monium sulphate  and  filtering.  The  filtrate  which  contains  the 
pigment  is  shaken  with  alcohol,  and  by  such  repeated  extractions  from 
the  saline  solution  practically  all  the  pigment  may  be  removed. 
The  urochrome  may  now  be  precipitated  by  adding  an  excess  of 
ether.  The  substance  is  readily  soluble  in  water  and  when  examined 
by  the  spectroscope  shows  no  absorption  bands. 

Qrobilin  is  present  in  very  small  quantities  in  normal  urine  and 
the  amount  normally  present  is  generally  in  the  condition  of  a 
cbromogen.  In  abnormal  conditions  the  urine  may  tend  to  have 
a  brownish  tint  added  to  the  ordinary  rich  orange  colour  and  such 
urine  frequently  contains  urobilin.  A  solution  of  urobilin  or  urine 
rich  in  urobilin  will  present  the  spectrum  shown  in  Fig.  256,  1.  If 
a  concentrated  solution  of  urobilin  in  sodium  hydrate  be  taken  and 
hydrochloric  be  added  till  the  mixture  is  slightly  acid,  a  turbid 
condition  of  the  liquid  results  owing  to  imperfect  re-solution  of 
the  pigment  in  the  acid.  Examined  spectrascopically  a  band  is 
seen  in  the  position  of  the  E-line,  in  addition  to  the  normal  band 
at  the  junction  of  the  green  and  blue  (Fig.  256,  2).  If  the  liquid 
be  filtered  the  E-band  will  be  no  longer  seen. 

As  regards  the  connection  of  urobilin  and  urochrome,  it  is  important 
to  remember  that  when  urochrome  is  acted  upon  by  aldehyde  a  urobilin- 
like  substance  is  produced,  and  if  urobilin  be  oxidised  with  potassium 
permanganate  a  substance  similar  to  urochrome  is  formed. 


idbyGoogle 


488  PBACnCAL  PHY8I0LOOV 

The  pink  colour  possessed  by  a  deposit  of  urates  is  due  to  another 
pigment  utoerytiirin.  This  pigment  is  never  excreted  in  large  amount, 
but  it  possesses  in  high  degree  a  colouring  power.  If  a  pink  urate 
deposit  be  dissolved  in  warm  water  the  urates  may  be  precipitated 
by  saturation  with  ammonium  chloride  carrying  down  the  pigment. 
This  may  now  be  extracted  with  alcohol,  and  on  shaking  the  alcoholic 
solution  with  chloroform  to  which  one  drop  of  acetic  acid  has  been 
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F  Vabiovs  Prysiolooical  Chbkioal 

A  MlZTOaE.) 

Tha  following  Fhriical  FroitertleB  shonld  1>e  noted : 
I.  Appearance. 
A.  Powder. — Dust  eome  on  to  a  slide  and  examine  under  the 
microacope  for  starch  grains  and  cryatalB.    Dissolve  some  in 
a  suitable  solvent. 
S.  Solution. 

1.  Opaque — may  be  due  to : 

(a)  suspended  fat  globules — clear  up  witfa  ether ; 

(b)  certain  inorganic  salts— ^lear  up  with  mineral  acid ; 

(c)  certain  proteids. 

2.  Opalescent — may  be  due  to : 

(a)  glycogen  or  starch — iodine  reaction ; 
(6)  certain  proteids. 

3.  Deeply  coloored— suspect  blood. 
U.  Beactloo. 

A.  Acid — may  be  due  to : 

If  due  to  free  acid,  ascertain  whether  this  be 

1.  a  mineral  acid  or  ^  apply  Gunaberg's  and  the  tropaeolin 

2.  an  organic  acid     /     test. 

If  due  to  an  organic  acid,  apply  Uffebnann's  test  for  lactic  acid. 

B.  Alkaline  test  for  carbonic  acid  (effervescence  with  mineral  acid), 

ammonia  (smell,  etc.),  caustic  alkali. 
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The  following  Ohamical  Testa  should  now  be  applied  to  Suitable 
QnantitieB  of  the  Solution. 
I.  For  Oarbohrdrates. 

1.  Apply  Ttouunet's  test. 

A.  PositiTe — indicates  monoeacchatldeB,  lactose,  or  maltose. 

B.  Negative,  but  complete  solution  of  cupric  hydrate  obtained 

on  adding  caustic  alkalie,  indicates  cane  sugar.  Confirm 
for  this  by  boiling  some  of  the  solution  with  a  mineral 
acid  for  a  minute  or  so,  and  applying  Trommer's  test  to 
the  product — reduction  indicates  cane  sugar.  Tbe 
original  solution  will  also  taste  sweet. 

C.  Negative,  and  no  solution  of  cupric  hydrate.     Absence  of 

monosaccharides  and  disaccharides. 

2.  Add  Iodine  Solution. 

(a)  a  blue  colour  which  disappears  on  heating,  and  returns  on 

cooling  indicates  sfarcli. 

(b)  a    port-wine    colour    which   disappears    on    heating,   and 

returns  oti  cooling  indicates  dextrin  or  glyeogen.     Confirm 
for  polysaccharides  by  heating  some  of  the  original  fluid 
for  about  fifteen  minutes  with  a  mineral  acid,  and  testing 
for  siigar  in  the  hydrolysed  fluid. 
To  diatingniah  between  Starch,  Glycogen,  and  Dextrin. — Shake 
up  some  of  the  original  powder  with  cold  water  and  filter.     By 
this  treatment  glycogen  and  dextrin  will  dissolve,  starch  will 
not.    Wash  the  filter  paper  thoroughly  with  water,  then  add 
a  drop  of  Iodine  solution — a  blue  stain  indicates  starch.     Add 
Iodine  solution  to  the  filtrate — a  red  colour  indicates  dextrin 
or  glycogen ;   if   the   former   body   be  present   the   filtrate    is 
clear,  opalescent  if  the  latter. 
To  distinguish  between  Dextrose,  Maltose,  and  Lactose. 

(1)  Prepare  osazone  crystals  and  examine  under  the  micro- 
scope— dextrosazone  gives  long  thin  needles;  maltosazone, 
short  thick  needles ;  lactosazone,  needles  of  varying 
length  and  thickness. 
(3)  Barfoed's  reaction  may  also  be  tried.  Dextrose  reduces 
this  with  ease ;  lactose  and  maltose  not  so  readily. 
JI.  For  Proteins. 

1.  Apply  the  Biuret  reaction — (a)  A  violet  colour  indicates 
native  proteins  or  albuminoids;  {b)  a  rose  pink  colour, 
proteose  or  peptone. 
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2.  Apply  Blillon's  and  the  Xantho-protaic  tests. 

(a)  A  well-marked  reaction  indicates  proteins  of  Kossel's  3rd 
and  4th  groups.  (Ii)  A  faint  reaction  (combined  with  a 
diiitinct  Biiirct,  and  the  absence  of  eoagidution  on  boiling) 
points  to  gelatine  (.'nd  group).  (Confirm  by  seeing  if 
the  solution  gulatinisee  on  cooling). 
If  the  Binret  Test  giTes  a  Violet  Colouration, 

W.  Add  a  drop  or  so  of  dilate  acetic  acid  and  boil.  A 
coagulum  points  to  native  proteins  To  ascortuin  which 
of  these  is  present  (i.e.  albumin  or  globulin),  half  saturate 
some  of  the  solution  with  (NHj)jSOj.  A  precipitate 
indicates  globulin;  lilter;  if  the  filtrate  still  gives  a 
coagulum  on  boiling,  albtunin  is  present. 

B.  Carefully  neutralise  soma  of  the  solution.  A  precipitate 
may  be : 

1.  Alkali  Meta-protein— origin  ah  the  precipitate  rc- 

fluid  alkaline  I  dissolves  on  adding 

2.  Acid  Meta-protein— original  j  excess   of   a«id  or 

fluid  acid  J  alkali. 

3.  Hncleo-protein— original  fluids  precipitate  does  not 

alkaline  I  disappearon  adding 

4.  Mucin— original     fluid     alka-|a  rootlerate  excess 

line  J  of  acid. 

To  distingnisli  between  Hucleo-protein  and  Mucin.— 1'his  is 
possible  only  when  a  large  amount  of  these  bodies  is  present. 
'J'he  acetic  acid  pi-ecipitate  is  collected  on  a  filter  paper,  washed 
with  acidulated  water,  and  divided  into  two  portions  a  and  b. 
(ii)  Boil   with    20    per  cent.    HCl   for    10   minutes;    cool; 
neutralise  j  apply  Troromcr's  test.     A  positive  reaction 
points  to  mvcin. 
{b)  Molt  in  a  crucible  with  fusion  mixture;  after  the  ash 
cools,  dissolve  it  in  nitric  acid  and  add  molybdate  of 
ammonia  solution.     A  yellow  precipitate  on  warming 
indicates  Nnclein. 
If  the  Biuret  Test  gives  a  Bose  Fink  Colouration,  add  a  few 
drops  of  concentrated  pure  nitric  acid. 
A.  A  vUte  precipitate,  which  clears  up  on  warming  and 
returns  on  cooling,  points  to  ftoteose.     Confirm  by  the 
salicyl  sulphonic  acid  test. 

If  proteose  be  present,  saturate  some  of  the  original 
fluid,  from  which  native  proteins  have  been  separated 
by  boiling,  with  sodium  chloride.    A  precipitate  indicates 
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primuy  pioteoaes.     Filter  and  add  a  drop  of  acetic  acid ; 
a  precipitate  points  to  Becondaiy  ptoteoaes. 
B.  No  precipitate  with  nitric  acid,  but  a  distinct  pink  Biuret 
reaction  points  to  Peptone.     Confirm  by  saturating  the 
original  fluid   with   ammonium   sulphate,   filtering    ai)d 
applying  the  Biuret  test  to  the  filtrate. 
When  two  or  more  Proteiiu  are  present,  the  following  method 
will  be  found  very  useful. 
Add  a  few  drops  of  saUcyl  sulpbonic  acid  to  several  c.c.  of  the 
original  fluid.     A  white  precipitate  may  indicate  native 
protein  or  proteoses.     Boil.     The   proteoses    dissolve, 
whereas  the  native  protein  becomes  coagulated.     Filter 
hot.     If  a  precipitate  forms  in  the  filtrate  on  cooliug,  ib 
indicates  Proteoses.    Filter  off  this  precipitate  and  apply 
the  Biuret  teat  to  the  filtrate.     A  rose  piuk  colouration 
indicates  Peptone. 

III.  For  Fats.— In  watery  solution  fat  may  be  dissolved  as  a  soap. 
The  presence  of  this  can  be  detected  by  pouring  some  of  the  original 
fluid  into  about  20  c.c.  of  SO  per  cent.  H^SO^  contained  in  a  small 
beaker,  and  heated  to  near  boiling  point.  If  soap  be  present  a  film  of 
fatty  acid  will  form  on  the  surface  of  the  fluid. 

IV.  The  following  substances  should  also  be  tested  for.  I.  Bile 
Baits — Pettenkofer's  reaction ;  II.  Bile  Pigments— G me lin's  test. 

V.  Urea  (1). — Add  some  fuming  nitric  to  some  of  the  original  fluid. 
EfTerveseeiice  points  to  urea. 

(2)  Repeat  with  hypobromite  solution. 

(3)  If  1  and  2  be  positive,  confirm  by  obtaining  urea  nitrate  crystals. 
To  do  this  evaporate  about  30  c.c.  of  the  original  fluid  to  small  bulk, 
extract  residue  with  six  times  its  bulk  of  methylated  spirit,  evaporate 
this  extract  to  dryness,  dissolve  residue  in  3-4  c.c.  distilled  water,  and 
add  to  the  resulting  fluid  a  few  c.c.  of  pure  nitric  acid,  meanwhile 
keeping  the  test-tube  cool  by  holding  it  under  the  tap.  Crystals  of 
urea  nitrate  separate  out  if  urea  is  present.  Examine  under  micro- 
scope. 

VI.  XTricAcid. — Apply  Murex id e  test. 

VII.  Blood  Pigment. — (1)  Examine  by  means  of  the  spectroscope. 
A,  the  original  fluid;  if,  the  same  after  reduction;  C,  the  same 
after  the  addition  of  caustic  alkali  and  heating.  By  this  latter 
method  alkali  haematin  is  formed.  This  itself  does  not  give  a  very 
ilistinct  absorption  band,  but  if  a  reducing  agent  (NH,HS)  be  added 
to  it  haemochromogen  is  formed,  which  has  two  very  distinctly 
marked  bands  in  alK)ut  the  same  position  as  those  of  oxyhaemoglob.  in 
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(2)  Apply  the  guaiac  and  ozonic  ether  teBt. 

When  it  U  desired  to  Kacertkin  whether  Fennents  be  present  it 
is  aeceasary  to  add  a  piece  of  coagulated  egg-white,  or  of  washed  fibrin 
to  the  original  fluid,  and  to  place  the  mixture  on  a  water  bath  heated 
to  body  temperature.  If,  after  an  hour,  the  digest  gives  a  distinct 
proteose  reaction,  and  this  was  not  obtained  in  the  original  fluid,  th& 
presence  of  a  proteolytic  ferment  may  he  assumed ;  pepsin,  if  the 
original  fluid  react  acid,  and  tiypsin,  if  it  react  alkaline.  If  proteoses 
are  present  in  the  fluid  itself,  Mett's  method  must  be  employed  to- 
identify  the  ferment. 

For  the  detection  of  AmylolTtic  and  Steatolytic  ferments,  th& 
methods  described  in  the  text  must  be  employed. 

For  the  detection  of  the  various  substances  which  may  occur  in  tho 
urine,  the  test  and  reactions  described  in  the  text  must  be  applied. 
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PAItT  I.— EXPERIMENTAL  PHYSIOLOGY. 


Abermlion,  chromatic,  258. 

Epherical,  268. 
Accommodation  of  eye,  234. 
After-imttKEB,   244. 
Air,  alveolar,  183,  197. 

complemental,  178. 

expired,    182. 

iDspired,  180. 

supplemental,  17B. 

tidal,  178. 
Alimentary  canal,  movements  of,  203. 
Ametropia,  260. 
AnelectrotoDUB,  60,  83,  86. 
Anode,  3. 
Apnoea,  196,  199. 
Aiphyxia,  1*6. 
ABtigmatism.  232,  268. 
Atropine,  efFect  of,  upon  frog'a  heart, 
110,  111. 

upon  salivary  glanda,  212. 
AuECultalion,  176. 

Bell's  law,  220. 
Biedermann's  solution,  68. 
Blind  spot,  241. 
Blood,  circulation  of,  131. 

corpuscles,   number  of,   128. 

gases,  1B7. 

pressure,  121,  139,  110,  144,  165. 

oxysen  capacity  of.   191. 

specific  gravity  of,  131. 
Brain,  frog's,  214. 
Break  extra  current,  11. 

Cannula,  arterial,  130. 

Capacity,  vital,  178, 

Carbon   dioxide,  influence  of.  lOG. 

monoxide,  inSuence  of,  IM. 
Cardiograph,  119. 
Cardiometer,   170. 
Cerebellum,  efTecls  of  removal  of,  215. 


Cerebrum,  effects  of  removal  of,  214. 
Chest,  auBcultation  of,  176. 

examination  of,  174. 

inspection  of,  174. 

palpation  of.  176. 

percussion  of,  176. 
Cheyne- Stokes  respiration,  197. 
Chloroform,  effect  of,  on  frog's  heart, 
112. 

effect  on  frog,  Z16. 
Chronograph,  23. 

Circulation  of  blood,  artificial  scheina 
of,  134,  135. 

influence  of  gravity  on,   132,   137, 
147,  148. 

proofs  of,  131. 

time,  138,  169. 

velocity  of,  136. 
Clonus,  219. 
Colour  blindness,  263. 

complementary.  250. 

sensations  of,  346. 
Contraction,  remainder,  SS,  89,  M. 

secondary,  62. 

single.  22,  3S,  40. 

voluntary,  220. 
Cord,   spinal,  efFecta  of  removal  of, 
215. 

roots  of,  320. 
Cornea,  action  of,  233. 
Corpora  striata,  effects  of  removal  of. 


Current  action,  61,  01. 

demarcation,  51,  91. 

injury,  52,  91. 
Cyrtometer,  174. 


Dattietl  cell,  3. 
Defaecation,  310. 
Dioptre,  233. 
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Em-,  diBMction  of,  267. 
Elasticity  of  muecle,  63. 
Electrodes,  6. 

polarisation  of,  78. 

UQpokrisable,  79, 
Electrometer,  capillary,  92. 
El«ctrotoTiUB,  50,  82,  86. 
Emmetropia,  269. 
EmproBthotoBUB,  216, 
EDdiometer,  188,  189. 
Ergograph,  71, 

Ether,  efFact  of,  on  frog's  heart,  114. 
Exchange,  respiratory,  18*,  186. 
Extensibility  of  muscle,  63. 
Eye,  accommodation  of,  234, 

artificial,  233. 

disiection  of,  226. 

mechanism  of,  228. 

media  of,  232. 

optical  defects  of,  268. 

"  reduced,"  228. 

Faradic  shocks,  12, 
Fatigue,  38,  39,  70. 

abeence  of,  in  nerve,  87. 

eRoct  of  circulation  of  blood  on,  73. 
Flicker,  247. 
Fremitna,  vocal,  175. 

Galvani's  experiment,  62. 
Galvanometer,  00. 
Gas,  analysis  of,  181, 

of  blood,    167. 

pump,   188. 

tension  of,  183, 
Oaakell's  clamp,  164. 
Gracilis  experiment,  80. 
Gravity,  influence  of,  on  drcuUtion, 
132,  137,  147,  146. 


Haemoglobinometer,  129. 

Hearing,  267. 

Heart,  anatomv  of  frog's,  D2. 

anatomy  of  sheep's,  116. 

apex  preparation  of,  96. 

beat,  methods  of  recording,  97. 

contraction  of,  94,  149. 

effect  of  temperature  on,  94,  99, 
101,   164. 

effect  of  distilled  water  on,  162. 

effect  of  drugs,  70,  100,  112,  161. 

Eanglia  of,  96,  103. 
ktenl  period  of,  149. 
nerves  of,  103,  166. 
output  of,  170. 
refractory  period  of,  103,  160. 
rhythm  of,  94. 
Aoundi  of,  121. 
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Heart,  Stanniu*,  100, 

valves  of,  116,  119. 

work  of,  169. 
Heat,  loss  of,  201. 

regulation  of,  200. 
Helmholtz,  arrangement  for  equaljaa- 
tion  of  make  and  break  induced 
current!,  13. 
Hooke's  law,  64. 
HyogloBEUB  moBcle,  30. 
Hypermetropia,  259. 

Images,  Purkinje-Sanson,  336, 
Impulse,  cardiac,  119, 
nervous,    rate  of   transmission   of. 


tions,  79. 
Induced     currentB,     equalisation    of 

make  and  break,   12,  13, 
Induction  coil,  S, 
Induction  shocks,  10. 
InhibitioD  of  frog's  heart,  106,  106. 
Inspection  of  thorax,  174. 
Intestine,  movements  of,  208, 


I  of,  234. 


KateiectrotonuB,  El,  81. 

Kathode,  3. 

Keys.  4,  5. 

Kidney,  volume  of,  173. 

Kymograph,  IB,  143. 

Latent   period   of   muscular   contrac- 
tion, 26. 
Law  of  specific  energy,  Kliiller,  223. 

Bell  and  Majendie,  220, 

Talbot  and  Plateau,  247. 

Hooke.  54. 
E,ens  crystalline,  action  of,  233. 

changes  in,  during  accommodation. 


Manometer,  127,  143,  166,  1G7. 
Medulla  oblongata,  eff»ct«  of  removal 

of,  216. 
Metronome,  215. 
Miiller's  Law,  233. 
Klarmur,  vesicular,  176. 
Muscarine  effect  on  heart,  109. 
Muscle,  independent  excitability  of. 
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Muscle,  action  oEdietillad  water  OD, ST. 

action  of  salts  on,  67. 
Muscle  and   nerve,   preparation,   14, 

16. 
Muscle- lever,  IT. 
Muscles  of  the  frog's  leg,  16. 
Muscular  contraction,  22. 

shorteDin^  during,  29. 

work  during,  29,  57. 

condition*  affecting,  39,  33,  36. 

red  and  white  muscles,  20,  30. 

ofTect  of  temperature  on,  32,  33. 

effect  of  load  on,  36,  37. 

effect  of  fatigue  on,  38,  39. 
Myograph,  16,  17. 

spring,  64. 

pendulum,  66. 
Mj'opia,  261. 

Nerve,  properties  of,  U. 
electrical  stimulation  of,  46. 
mechaoical  stimulation  of,  47. 
thermal  stimulation  of,  47. 
ch&mical  stimulation  of,  47. 
relation  between  muscle  and,  80. 
electromotive  properties  of,  61,  86. 
vago- sympathetic,  104,  108. 
impulse,  rate  of  transmission  of,  76. 
depressor,  140,  146. 
chorda  tympani,  211. 
vagus,  dissectioD  of,  157, 
effect  of  constant  electrical  current 

on,  81. 
cervical  sympathetic,  168. 


Ophthalmometer,  230. 
Ophthalmoscope,  266. 
Oxygen,  effect  of,  196. 


Palpation,  176. 
Percussion,    176. 
Perfusion  of  blood-vessels, 
Pericardium,  115. 
Perimeter,  263. 
Phakoscope,  237. 
Phospbenes,  213. 
Photohaematothomater,  169. 
Piezometers,   168. 
Pilocarpine,  213. 
Plethysmograph,  171,  173. 
Pohl's  reverscr,  5. 
Presbyopia,  259. 
Pressure,  blood,  in  man,  IS 
blood,  140,  1S7. 


Pressure,  intracardiac,  166. 

intra-thoracic,  176. 

atmospheric,  effects  of   chuigea  i 
192,  193. 
Pulse,  121,  161. 
Pump,  blood-gas,  188. 

air,  192. 


Reaction  time,  216. 
Itecorder,  bellows,  220. 
Raed  vibrating,  42,  43. 
Reflex,  214. 

Refractory  period,  voluntary  muscle. 
42. 

of  heart,  103,  160. 
Refraction,  errors  of,  268. 
Respiration,  movements  of,  180. 

chemistry  of,  180,  187. 

regulation  of,  195,  199. 

centre  for,  195, 

apparatus,  134,  186. 

in  tissues,  403. 
Respiratory  exchange,  184,  186. 

quotient,  185. 
Retina,  340. 
Reverser,  Pohl's,  6. 
Rheochord,  7. 
Rheoscopic  frog,  62. 
Rigor,  heat,  34. 
Ringer's  solution,  69. 
Ruboer,  elasticity  of,  66. 


312. 

Salts,  action  of,  on  muscle,  07. 
Sanson- Purkinje  images,  336. 
Sartorius  experiment,  79. 
Scheiner's  experiment,  238. 
Secretion,  salivary,  210. 
Sensations,  222,  223. 
Shatter  curves,  28. 
Sino-auricular     junction     of     frog'* 

heart,   stimulation  of,   109. 
Skin,  sensibility  of,  222,  233. 
Smell,  222. 
Sounds,  bronchial,  176, 

cardiac,  121. 
Specific  gravity  of  blood,  131. 
Sphygmograph,  123. 
Sphygmogram,  125, 
Sphygmometer,  127. 
Sphygmoscope,  166. 
Spiiul  animal,  160,  215. 
Spirometer,  178, 

Staonius  experiment  on  heart,  100. 
"  Stair-case        effect     in     volunlkrj 

muscle,  40, 
cardiac,  160. 
Stethograpfa,   179. 
Stethoscope,  176 
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stimuli,   minimal   and   maximal,   10, 
46. 
lucceiaive,  4/0,  tl. 

Stomach,  movementa  of,  205. 
Stromuhr,  136. 

Stiychniae,  Bction  of,  216,  210. 
Submaiillary  gland,  211,  212. 
Summation  of  contraction,  41,  12. 

of  stimuli,  62. 
Saprareaal  extract,  164,  166. 
Swallowing,  203. 
Sweat,  302. 

Talbot-Plateau  law,  247. 
Taite,  222. 

Temperature,     effect     of     muicular 
exercise  on,  200. 

effect  on  heart,  M,  101,  164. 

of  body.  aoi. 

effect  of  uiaeBlheiia  on,  a(^. 

regulation  of,  201. 

■enu  of,  224. 
Tetanus,  geneiit  of,  40. 

incomplete,  44,  46,  210. 

complete,  44,  46. 

BttcoDdarjr,  63. 
Thalami,  optic,  effects  of  remoTal  of, 
214. 


Thermometry,  200. 
Thorax,  iiupection  of,  174. 
TuniuK-tork,  22,  23. 
Turck^  experiment,  21G. 

Unipolar  excitation,  21. 

Vagus  (vago-sympathetic),  dissection 
of,  in  frog,  104,  108. 

stimulation  of,   effect  on  heart  of 
frog,  106,  106. 

influence  on  respiration,  146,  109. 

influence  an  arterial  presture,  146. 
Vamiah,  tor  tracings,  IB. 
Vwo-motor  system,  137,  164. 
Veratrine  action  upon  muscle,  29. 
Vision,  226. 

field  of,  263. 

binocular,  254. 

Water,   distilled,   action   on   muscle, 
67. 
action  on  heart,  161. 
Weber's  paradox,  S7. 
Wind,  second,  107. 
Work   done   by   muscle   during   con- 
traction, 36,  67. 
hy  heart  diving  contraction,  100. 
Tallow  spot,  342. 
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Acetone  in  urine,  4S2. 
Achroodextrin,  391. 
Acid,  Aceto-ocetic,  453. 

aspartic,  299,  392. 

carnic,  356. 

cholalic,  399. 

cyan  uric,  417. 

fatty,  313. 

glycocholic,  399. 

Slycuronic,  464. 
ippuric,  42S,  441. 
homogentisic,  463. 
hydrochloric,  tests  tor,  377. 
lactic,  364,  464. 
nucleic,  310. 
oleic,  314. 
oxyhutyric,  463. 
palmitic,  313. 
sarcolactic,  368. 


313. 


taurocbolic,  : 
Acrolein,  310. 
AdamkiewicE  reactio 
Adenina.  423. 
Agglutination,  4G4. 
Albumin,  305. 


Alt 


442. 


Aldoees, 
Alexine,  464. 
Alloxan,  424. 
Alloxuric  bodies,   422. 
Amboceptor,  405. 
Amido  acids,  389. 
Ammonia  in  urine,  431,  433. 
Amylopsin,  396. 
Argmine,  392. 


Bancs  Jonea'  alhumosiuia,  445. 
Bial's  reagent,  296. 
Bile,  composition  of,  397. 
Bile  salts,  399. 

pigments,  400. 
Bilirubin,  400. 
Biliverdin,  400. 
Biuret,  417. 
Biuret  reaction,  302. 
Blood,  331. 

clottiDK  of,  332. 
Boettger^s  test,  440. 
Bread,  365. 

making  of,  3G6. 

Calorie,  360. 

Camerer's  method,  427. 

Carbohydrates,  272-296. 

Carnic  acid,  355. 

Caseiaogen  and  casein,  298,  326 

Cholesterol,  318,  401. 

Cholin,  317. 

Chromo- proteins,  306. 

Collagen,  307. 

Colorimeter,  430. 

Colostrum,  330. 

Complement,  464. 

Congo  red,  377. 

Creatin,  352,  366. 

Creatinin,  362,  429. 

Cystin,  393,  441. 

Dextrin,  290. 
Dextrose,  284,  460. 
Diet,  369. 
Digestion,  371. 
bacterial,  404. 


in  mouth,  371, 

in  stomach,  876. 

DiBkceharides,  286. 
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£d«rtiu,  296. 

Hopkina'  test,  303,  380. 

Effgl,  compotition  of,  362. 

Hypoianthin.  363,  367,  423. 

Emulsific&tion,  316. 

Inaclivation,  465. 

Erepain,  403. 

lodican,  410. 

Erythro-deitrin,  291. 
E«bach"«   ilbuminometer,   445. 

ndol,  406. 

nosilc,  35S. 

Eiter   value,  322. 

nveraion,  403. 

nvertaae,  403. 

Faeces,  407. 

odine  number  of  fats,  314,  3 

Fata,  313. 

Isomaltoae,  287. 

F»tty  acidB,  313. 

Fehling'a  tert,  274. 

Jaffe-s  teat,  429. 

FermentaUon    teat    for    lugar.    279, 

Juice,  gastric,  376. 

449. 

intestinal,  403. 

Fibrin,  334. 

terment,  336. 

Keratin,  307. 

Flour,  364. 

Ketosea,  278. 

Folin'a  method,  for  ammonia,  432. 

Kjeldahl's  method,  410. 

for  urea,  421. 

Kresot,  405. 

Foods,  359,  366. 

Lactic  acid.  354. 

Lactose,  287,  32D,  448. 

G»l«ctoM,  286. 

Laevuloae,  386. 

Oall-atoDea,  319. 

I,;ecithin,  316,  401. 

Gelatin,  307, 

Legal'a  test,  406. 

Gerrard'a  method,  for  sugar,  461. 

Leucin,  380,  391,  441. 

Leucocytes,  chemistry  of,  331 
Lieberkuhn's  jelly,  311. 

Gliadin,  298. 

Globuliua,  305. 

Lipaae.396. 

Gluto-proUirs,  308. 

Lysine,  392. 

Olucoae,  284,  450. 

Glutenin,  298. 

Maltose,  287. 

Glycin,  390. 

Meat,  360. 

Glycogen,  290. 

Meat  extracts,  350. 

Glycoanria,  447,  450. 

Metabolism,  359,  367,  437. 

OlycnroniG  add,  454. 

Meta-protein.  310. 

Glyoiylic  acid  tect,  303. 

Methaemoglobin,  347. 

Omelin'a  test,  400. 

Mett's  method,  386. 

Grotiner'a  method,  380. 

Milk,  324. 

Guanine,  423. 

faU  of,  330. 

Ouiac  test,  340. 

proteins  of,  321i. 

Onntberg's  reagent,  377. 

aalta  of.  329. 

augar  of,  329. 

MiUon'a  reaction,  302. 

Moliach  teat,  27D,  303. 

aomatoiMjrphyrin,  349. 

aematuria,  447. 

Moore's  test,  284. 

laemin,  341. 

Momer-Folin  method,  421. 

aemochromogen,  349. 

Mucin,  308. 

aemocytea,  329, 
Haemoglobin,  339. 
and  derivativei,  344. 

Mucus,  446. 

Murexide  test,  426. 

Muscle,  360. 

HaemoKlobinuria,  447. 
Haemolyain,  4M. 

extractives  of,  360. 

Myosin,  361. 

Haemolyaia,  460. 

Hay's  teat,  398. 
Heller'a  teat,  444. 

Nitrogen,  estimation  of,  410. 

Nucleic  acid,  310. 

Hexoue  basea,  392. 

Hippuric  acid,  428. 
Hirudin,  336. 
Histones,  305. 
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Sugar,  estimation,  293. 

Nylandsr'a  teat,  274. 

grape,  284,  460. 
niUk.  287. 

Olein,  314. 
Ornithin,  393. 

Byntonin,  311. 

Owione,  275. 

Tanrin,  400. 

Thiopfaene  test,  46G. 

Palmitic  acid,  313. 

Thrombin,  334. 

Thrombotinase,  334. 

Parry'*  method,  for  sugar,  46!. 

Pentose*,  2M,  448. 

Trommer'a  test,  274. 

Popain,  3S2. 

Tropaeolin  test,  378. 

Peptone,  311. 

Trypsin,  389. 

Fettenkofer's  reaction,  308. 

Tryptophane,  303. 

Phenol,  405. 

Tyroein,  389,  391,  441. 

Phenyl  hydrazine,  275. 

Phoaphoproteini,  306. 

Uftelmann's  reagent,  354. 

Plasma.  337. 

Urates,  438. 

PoUrimeter,  282. 

Urea,  415. 

Po  arisation  of  light,  280. 

nitrate,  416. 

Poypeptidee,  299. 

oxalate,  416. 

Polysaccharides,  288. 

Precipitins.  460. 

Ureometer,  421. 

Protagon,  320. 

Uric  acid,  422,  426. 

Protamines,  305. 

Proteins,  207. 

Urine,  acetone  in.  463. 

tests  for,  300. 

bite  in,  447. 

blood  in,  446. 

PtyaliD,  372. 

chlorides  in.  434. 

Purin  bodies,  422. 

colour  of,  410. 

Pus,  446. 

composition  of,  410. 

deposits  in,  438. 

Beichert-Meissl  value,  322. 

inorganic  salts  of.  434. 

Rennin,  327. 

patbologica!.  442. 

Eotherft'i  test,  453. 

pigments  of,  4G7. 

phosphates  in,  435. 

SaccharimeUr,  282. 

quantity  of,  408. 

Salieyl-Bulphonio  acid   test  for  albu- 

reaction of,  409. 

min,  445. 

specific  gravity  of,   409. 

Saliva,  371. 

sugar  in,  447,  450. 

Saponification,  314. 

Saponin,  4G2. 

total  nitrogen  of,  410. 
Urobilin,  467. 

Sarcolactic  acid,  368. 

Schiff's  teet,  427. 

Orochrome,  467. 

Sclero-pioteins,  307. 

Uroerythin,  468. 

Seliwanolf's  test,  278. 

Serum,  338. 

Volhard's  method  for  chloride,  4. 

Shaffer's  method,  433. 

Skatol,  406. 

Weyl's  reaction,  429. 

Soap,  314. 

Soithlet's  apparatus,  313. 

Wheat,  364. 

Worm.  Mailer  test.  449. 

Spectra,  345,  348. 

Spectroscope,  343. 

Xantbin,  363,  367,  423. 

Starch,  288. 

Xanthroproteic  reaction,  302. 

Steapsin,  396. 

Stercobilinj  407. 

Yeast,  279. 

Sugar,  cane,  286. 

Zein,  208. 
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